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STRENGTH TESTS OF CAST-IRON 
CULVERT PIPE 


. KELLEY, Chief, Division of Tests, 


Reported by E. F and W. 


HE SPECIFICATIONS for cast-iron culvert pipe 

which are in common use in highway work are 

greatly lacking in uniformity, and show a wide 
range in the requirements for strength and thickness 
of metal for pipe which presumably are to be subjected 
to similar conditions of service. 


INCONSISTENCIES FOUND IN SPECIFICATIONS 


Of 
rent 


6 State highway department specifications cur- 
in 1931, 2 required a minimum strength in the 
3-edge bearing test but did not specify thickness of 
metal; 7 specified minimum thickness of metal but 
vave no strength requirements; and 27 specified both 
minimum strength and minimum shell thickness. In 
the specifications of the latter group the requirements 
for strength and shell thickness were not always con- 
sistent. 

The minimum requirements for strength in the 3-edge 
bearing test ranged from 1,500 pounds per foot of 
diameter per linear foot of pipe (1,500 2)) to 3,000 
pounds per foot of diameter per linear foot of pipe 

3,000 D)). Fourteen States favored 1,500 2) for all 
sizes of pipe, 4 States specified 1,800 1), 7 States required 
2,000 D and 1 State required 3,000 ). Three States 
specified 1,500 J) for pipe over 24 inches in diameter, 
and 2,000 ) for pipe under 24 inches in diameter. 

The diversity of the requirements for minimum shell 
thickness of smooth or plain cast-iron pipe is shown 
vraphically in figure 1. Thus the minimum thickness 
for 12-inch pipe ranged from 0.31 to 0.54 inch and for 
{s-inch pipe the range was from 0.75 to 1.38 inch, a 
difference of nearly 100 percent. The influence of the 
standard requirements for cast-iron water pipe are 
also shown in figure 1, 2 States having specified for 
culvert pipe the thicknesses required for class A water 
pipe in the sizes up to and including 36-inch and 1 
State specified the thickness required for the larger 
sizes of 42 inches and 48 inches. 

The solid lines in figure 1 show the theoretical 
relationship between shell thickness and strength in 
the 3-edge bearing test, for smooth cast-iron pipe 
without hubs, for an assumed modulus of rupture of 
35,000 pounds per square inch. This modulus of 
rupture is an approximate average figure for modulus 
of rupture obtained in tests of sand-cast pipe. The 
dotted lines show the theoretical thicknesses increased 
by 10 percent, an allowance suggested to provide for 
unavoidable inaccuracy in manufacture. It is interest- 
ing to observe that the minimum thicknesses commonly 
specified for the smaller sizes of pipes were generally 
in excess of those which would be required for a load 
of 3,000 D pounds per linear foot, while in the larger 
sizes the required thicknesses, in many cases, were 
below those which would be necessary to insure a load 
capacity of 2,000 D. It is believed that a strength of 
2,000 Din the 3-edge bearing test is the minimum which 
should be required for cast-iron pipe for use in culverts, 
yet 21 States, in 1931, specified a minimum shell thick- 
hess of 0.69 inch for 36-inch pipe, which is too low to 
lusure this strength in sand-cast pipe. 
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F. KELLERMANN, Associate Materials Engineer, U 


nited States Bureau of Public Roads 

An example of the lack of relationship between 
requirements for strength and shell thickness was 
found in the specification of one State which required 
a minimum load of 1,500 ) for pipe having the thick- 
of class A 


ness water pipe. Pipe of this weight is 
venerally more than adequate for a load 3,000 D. 
Another State specification required a minimum 
strength of 3,000 D but, for the larger sizes of pipe, 


specified minimum shell thicknesses insufficient for a 
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The testing of cast-iron culvert pipe to determine 
compli: ince with specification re quirements for strength 
is an expensive procedure, particularly if the ultimate 
strength of the test specimens is determined, thereby 
destroying the pipe. With a sufficient knowledge of the 
strength characteristics of commercial cast-iron pipe, 
as influenced by shell thickness and diamater, it should 
be possible to eliminate much of this expense and to 
accept pipe on the basis of thickness and weight more 
generally than has been customary in the past. It was 
largely on this account that the tests described in this 
report were undertaken, but the data which have been 
developed should also prove useful in indicating revisions 
which might be made in existing specifications in the 
interest of uniformity and consistency. 

The culvert pipe tested were as follows:' 

Smooth, sand-cast pipe, furnished by one manufac- 
turer in sizes from 12- to 48-inch, and by another man- 
ufacturer in sizes from 12- to 36-inch. 








Acknowledgment is made to the United States Pipe and Foundry Co., the Ameri- 


can Casting Co. and the Alabama Pipe Co. for the specimens of culvert pipe which 
were used in these tests, 
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Smooth pipe cast by a centrifugal process in metal | respect to the position of the point or center of load 


contact molds, in the sizes 12-, 16-, and 20-inch. 

Spiral-corrugated pipe in sizes from 15- to 36-inch. 

Ribbed pipe in the sizes 15-, 18-, and 24-inch. 

In general three specimens of each size and type were 
tested. Six specimens of each size of smooth sand-cast 
pipe and of smooth centrifugally cast pipe were sup- 
plied, 3 specimens had bells or hubs and 3 had plain 


ends. There were 6 specimens of each size of spiral- 
corrugated pipe, 3 specimens representing the pipe 
section and 3 representing the cuff section. All 


specimens had a net length of approximately 3 feet, 
exclusive of the overlapping portion of end fittings. 
Some had been cast in this length and the others were 
cut from longer pipe. The smooth pipe with plain ends 
were cut from pipe which had been cast with hubs. 

The spiral-corrugated pipe had a relatively thin shell 
which was cast in the form of spiral circumferential 
corrugations. Sections of pipe are fastened together 
by screwing one into the other. 
pipe is of uniform diameter, the inner, or pipe sec- 
tion, is of shghtly smaller diameter than the outer or 
cuff section. 





FiGURE 2.—REPRESENTATIVE SPECIMENS OF TYPES OF PIPE TESTED. 
Piain ENp; SMootuH Sanp-Cast Pipe, Bett ENp; SMootH CEeENTRIFUGALLY Cast PIPE, 


CORRUGATED PIPE. 


The ribbed pipe had a relatively thin shell reinforced 
by four longitudinal ribs, and by transverse ribs, the 
spacing of which varied somewhat with the size of the 
pipe. 

Representative specimens of the different types of 
pipe are illustrated in figure 2. 


SPECIFICATIONS VARY AS TO POSITION OF LOAD 


All pipe were tested for strength in the 3-edge bear- 
ing test. This test has been used on sewer pipe and 
culvert pipe for a number of years and has become an 
accepted standard but it has not been completely 
standardized in one important respect. This is fre- 
quently overlooked and merits some discussion. 

The general set-up for the test is shown in figure 3. 
The lower bearing consists of a rigid block to which are 
securely fastened two longitudinal wooden strips having 


Since each section of | 


vertical sides with the interior top corners rounded to a | 


radius of approximately one half inch. The earlier 
specifications required that these strips be spaced 1 inch 
apart while the more recent ones provide that the space 
between them shall be not less than one half inch or 
more than 1 inch for each foot of nominal pipe diameter. 
The upper bearing, through which the load is applied, 
is a rigid wooden block. In the case of pipe with plain 
ends the upper and lower bearings extend the full 
length of the pipe while for pipe with bell ends the bear- 
ings extend from the spigot end to the point where the 
barrel begins to flare out to meet the bell. It is with 


application, for pipes with bell ends, that the various 
standard and tentative standard specifications differ 
and this is important since the position of the load has 
a considerable influence on the ultimate strength devel- 
oped in the test. 

Three positions of the load are used in various speci- 
fications: 

(a) Load at the center of the upper bearing block. 

(b) Load at the center of the laying-length of the 
pipe. The laving-length of pipe is the distance from 
the spigot end to the inside shoulder of the bell and 
therefore is a length intermediate between the length 
of the upper bearing block and the full length of the 
pipe, including the bell. 

(c) Load at the center of the length of the pipe as 
shown at the top of figure 3. This position results in 
less eccentricity of load application than the other two 
and is required by the most recent specifications 
This position of load, with a few exceptions which will 
be mentioned later, was used in these tests. 

Position (a) is required by the A.S.T.M. (American 
Society for Testing Materials) Standard Specifications 


HEE UHHH 


SpEcIMENS ArE(LEFT TO RiGut) SmMootH Sanpb-Cast P! 
BeL_t ENpb; RIBBED PIPE; Spt! 


for Clay Sewer Pipe, C13-24 and A.S.T.M. Standard 
Specifications for Cement-Concrete Sewer Pipe, C14-24 

Position (6) is required by the 1926 Tentative Stand- 
ard Specifications for Reinforced Concrete Culvert 
Pipe of the Joint Concrete Culvert Pipe Committee 
and by the Tentative Standard Methods of Sampling 
and Testing Highway Materials of the American Asso- 
ciation of State Highway Officials as published in United 
States Department of Agriculture Bulletin No. 1216 
Both of these have since been revised but the latter 1s 
still used to some extent. 

Position (c) is required by the 1928 Tentative Stund- 


ard Specifications of the Joint Concrete Culvert |’ipe 
Committee; by the A.S.T.M.. Tentative Standard 
Specifications for Reinforced-Conerete Culvert !’ipe, 


‘76-30T, which, in substance, are the same as the |{)25 
specifications of the Joint Committee; by the A.S.l.M. 
Tentative Standard Specifications for Reinforced- 
Concrete Pipe, C75-30T; and by the 1931 edition « the 
Tentative Standard Specifications for Highway \late- 
rials and Methods of Sampling and Testing o! the 
American Association of State Highway Offi tals, 
which is a revision of Department of Agriculture |ulle- 
tin No. 1216. 

The State specifications for making strength 
discussed above, referred variously to A.S.T.M. Spec 
fications C13-24 and C14-24 and to Bulletin No. 1216 ol 
the Department of Agriculture. Some specified the 
oauve 


tests, 


3-edge bearing test without describing it, othe! 
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iN Cast-1RON Pipe Tests 
incomplete deseriptions which did not define the posi- 
tion of load, another fairly large group required the 
test for strength to be made ‘‘in the manner prescribed 
by Committee C-4, American Society for Testing 
Materials.” The latter is a particularly ambiguous 
requirement since, prior to 1932, all of the A.S.T.M. 
specifications to which reference has been made were 
under the jurisdiction of Committee C-4 and that, in 
addition to the 3-edge bearing test, these specifications 
also recognize the 2-edge bearing test and the sand- 
bearing test. 

In conducting the 3-edge bearing test on the speci- 
mens included in this investigation, the distance be- 
tween the longitudinal strips of the lower bearing was 
varied as shown in the following table: 


Distance 


ae of between 
pipe strips 
Inche Inches 
12 l 
15 l 
It l 
Is l 
20 2 
24 2 
ch) 2 
36 3 
42 $ 
| 1s 3 


The test load was applied to the upper bearing block 
at the center of the length of the pipe with the excep- 
tion of four specimens of 12-inch pipe with bell ends. 
Three of these were sand-cast pipe furnished by manu- 
facturer A and one was a specimen of centrifugally 
“ast pipe (tables 1 and 3). In the case of the exceptions 
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TESTING MACHINE. 

mentioned, the load was applied at the center of the 

length of bearing block and therefore was eccentric 

with respect to the center of length of the pipe. 
rESTING APPARATUS DESCRIBED 

Since a machine designed particularly for pipe testing 
was not available, the 3-edge bearing 
in a 200,000-pound universal testing machine having 
two extensions, or wings, attached to opposite sides 
and forming a part of the weighing table. The general 
arrangement of the testing apparatus is shown in figure 
t. The cover page shows a 48-inch plain-end pipe ready 
for testing. The pipe was placed on one extension of 
the weighing table and on the opposite extension there 
was placed a vertical steel member of suitable height 
which served as a support for the loading beam and also 
as a counter weight. Two I-beams extending across the 
weighing table were supported on one side by a knife- 
edge bearing block on top of the vertical steel member 
and on the other side by a roller bearing which rested 
on the upper bearing block on the pipe. The load was 
applied through an eyebar and pin, the pin being sup- 
ported by the I-beams at mid-span between the two 
bearings and the eyebar extending down through the 
movable head of the testing machine. A nut and washer 
on the lower end of the eyebar made contact with the 
movable head as it was lowered and thus transmitted 
load to the two bearings of the I-beams. With this 
arrangement the test load on the pipe was one half the 
load indicated on the weighing beam of the testing 
machine. During application of the load, the testing 
machine was run in low gear which corresponded to an 
idle crosshead speed of 0.05 inch per minute. 

Straight bearing blocks of the same type were used 
on all types of pipe. This resulted in a much smaller 
area of contact on the special types of pipe than on the 
smooth pipe. On the corrugated pipe the applied load 
was concentrated on the upper surfaces of the corruga- 
tions and on the ribbed pipe the load was concentrated 
on the transverse ribs, the specimens being arranged 
for the test so that no load was applied to the longitudi- 
nal ribs. Figure 5 shows specimens of the corrugated 
pipe and the ribbed pipe with the bearing blocks which 
were used in testing them. 

As has been stated, in general three specimens of each 
size and type of pipe were tested. On one pipe of each 
group of three, vertical deflections were measured 


tests were made 


during the loading tests with micrometer dials reading 
Two such dials were used, one at each 


to 0.001 inch. 
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TABLE 1.—Smooth pipe, sand-cast, manufacturer A, 3-edge bearing, load applied at center of pipe unless otherwise noted 
Supp 
- trer I 
Identi- Nomi Thick Over i calle Length Load pound 
Type fication nal | Weight) ness at all pend of it per foot « he 
engin 
no. size break 2?) length | *" bearing! failure jiameter 
er foot ¢ 
rlengt! 
Inche Pe d Inches Inches Inches Inches P i 
Plain end SP-12 12 172 0.45 6 s¢ sf 25, 550 %) 
2 12 170 44 36 $f +6 23, 250 750 
3 12 170 i4 36 $6 3t 2? O50 650 
Bell end SB-12-1 12 190 19 IR1 4 3534 30 18, 750 2) ente t 
2 12 190 42 38h, B53 4 30 18, 950 s60 1) 
2 12 16 38lo 3554 30 18, 950 360 | 
Plain end SP-1 16 256 5 534 3534 353, 24, 250 00 
2 t 250 ) (i 36 2 O50 0 
} lt 952 l sf f 99 0 xO 
Bell end SB-l¢ f 100 4 IRL, B51. x0) 25, 450 iil 
2 16 206 2 IR1y 5h, 30 24, 200 140 n 
5 16 304 5 sly 35 30 2 On NTI el 
Plain end SP-20 20 34h 53 614 361, 3614 14 ( 
2 0) 4¢ i) 4 B53, 553 4 4 x0) SS 
5 20 314 50 ( $f} it ‘ ( 
Bell end SB-20-1 20 104 4 3814 3584 30 25, BO 1A 
2 20 TF 50 IR Le 3534 30 2 S70 s 
4 1) 10 58 IR 15 i 0) 27. 050 } 
Plain end SP-24-1 24 $1f 4 A Fi ‘ 1, 304 404 
2 24 432 ¢ ; : $0" 4 18, 000 “1 W) e te 
3 4 424 5 A 4 4 1 600 Pat 
Bell end SB-24-1 24 540 60 39 3534 30 25. 8 34) 
: 24 32 57 ) Fi 50) 23, 5K 40 ys 
3 24 38 58 39 3534 30 21, 850 67 
Plain end SP-30-1 0 644 . 68 534 4 ‘ 22, 300 rer 
2 sO) 662 74 34 ‘ 4 21, 20K a) 2 SF 
3 x0 64 73 ( + 20, SOK 30) 
Bell end SB-30-1 30 170 79 ) A 30 26, 300 0 be] 
2 0 Tes 73 ) A 0) 22 G00 ( D 
x0 7TS4 7 ) ‘ 40 25, 250 0 ) 
Plain end SP-36-1 36 SA2 4 3 4 3534 3534 25. 40K » 840 
2 3e SNE 79 ‘ +t $f} 6, 450 1. &30 rea 
} 6H 1, 000 ’] 36 36 Mi) 28, FOO 70 
Bell end SB-36-1 i) 1, 070 . 87 39 3534 30 | = (26, 850 3 000 ke he bell 
2 36 1, OS6 &5 39 3534 0 1, 600 30) 8) 
3 36 1, 052 82 39 3534 30 30, 850 5, 450 8) 
Plain end S P-42-1 42 1, 300 1. 06 36 36 36 35, 950 5, 420 
2 42 1, 340 1.00 ta) $f $1, 306 » O80 2 
3 2 1, 230 93 36 3¢ 36 30, 950 150 
Bell end. SB-42-1 42 1, 520 1.00 | 39 «| 36 30 | 39, 900 3 800 D 
2 42 1,470 42 39 | 36 30 | 36, 550 3, 480 654 D 
3 42 1, 540 1. 02 39 36 30 38, 500 3, 670 > 
Plain end S P-48-1 48 1, 400 1.02 36 36 36 25, 200 » 100 
2 4s 1, 420 90 36 36 36 22 300 , 860 i. 
3 48 1, 400 97 36 36 36 23, 450 , 950 
Bell end. SB-48-1 48 1, 695 1.00 39 36 30 31, 950 > 660 D 
2 48 1,712 1. 03 39 36 30 20, 350 » 450 2 390 De 
3 4s 1, 680 92 39 36 30 24, 850 2 O70 I 





! Lower bearing blocks 1 inch apart for 12- and 16-inch pipe; 2 inches for 20-, 24-, and 30-inch pipe; 3 inc 
? Plain-end pipe—thickness is average of measurements at 10 points equally spaced along the crack 


end of the pipe. They were set 1 inch in from the ends 
of the pipe except when the specimens had bell ends, in 
which case the dial at the bell end was set 1 inch in 
from the inside shoulder of the bell. Figure 6 shows the 
position of the dials as they were set to measure the 
deflections of smooth pipe with plain ends. Deflections 
were observed for increments of load up to maximum 
values of from 10,000 to 15,000 pounds, after which the 
readings were discontinued. The results of the 3-edge 
bearing tests are shown in tables 1 to 5, inclusive. 

These tables show the principal dimensions of each 
pipe tested and the load at failure. As a basis for com- 
parison they also show the ‘supporting strength” in 
pounds per foot of diameter per foot of laying length. 
This supporting strength was determined by dividing 
the applied load by the product of the internal diameter 
and the laying length (in feet) and is hereafter referred 
to as the “‘strength.”’ 


hes for 36-, 42-, 


ind 48-inch pipe 
Bell-end pipe 


thickness of barrel at spigot end 
LOCATION OF CRACK AT FAILURE AN INDICATION OF UNIFORMITY 
OF SPECIMEN 

When an elastic ring is supported along the bottom 
element and a concentrated load is applied along the 
top element, as in the 2-edge bearing test, the maximum 
positive bending moments in the ring occur at the top 
and bottom, directly under the load and directly over 
the support. The bending moment in the ring de- 
creases from a maximum positive value at the crown 
to a maximum negative value at the horizontal! «Xis, 
passing through zero at a point the radius to which 
makes an angle with the vertical of approxinutely 
40°.2. The maximum positive bending moment the 
crown is about 75 percent greater than the maxiunum 
negative moment at the horizontal axis. ; 

In the 3-edge bearing test, as conducted on cast-1ron 
pipe of ordinary dimensions, the bending moments are 








? Tests of Cast-Iron and Reinforced Concrete Culvert Pipe, by Arthur 
Bulletin No. 22, University of Illinois 
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T ABLE 2. Smooth pipe 


Identifi- 
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sand-cast, manufacturer B 


, d-edge be aring, load applied 


at center of pipe ! 


Thick Supporting strength, 
7) wages )ver-a ivi ength id pounds ar foot o 
pe cation N — Weight ness at : "9 . tn _ inc I nthe di eset pol nad vs Remarks 
no. break 2 i : 
laying length 
Inches Pounds Inche Inch Inches Inch I is Average 
Plain end 5S P-12-1 12 172 0.51 f 16 ( 24. 600 8 200) 
2 12 161 46) $6 0), TOK 6, 900 7, 920 
3 12 164 1s f 16 ( 25, 950 8 650 
Bell end S$ B-12-1 12 185 0) 64% 29 0 ) 0 jroke thro gh the bell 
2 12 183 42 ) 3614 JF 0) 8, 720 1, 270 Do 
12 183 () ) 314 On FM) 1 430 Do 
Pla t SP-IS-1 IS 2 is f 6 ~ RAO 
2 Is 22 14 s¢ f + BOK 240) 90 
5 1S 2 j 5 5 4 ORD 
Bell « SB-18-1 s 275 } ) 6} ( 4. 680 
2 Is 277 } } 6) AC 2g) 5 940 
P} t S P-24-1 24 10: ( ( 2, 920 
24 434 9 YI 6 340 
24 106 i 4 15 
Bell « SB-24-1 24 174 62 36) 320 Do 
2 24 171 ; a) sf 50M 3, 300 Do 
24 404 t $6 ( 280 Do 
P] ri 5 P-30-1 ( s2 7 { 5434 } he 
2 tt) 74 ( 650 2 600 
5 0 SST Os 2 
ell ¢ SB-30-1 10 652 62 ) ( 2 go 
y 4 0 66. ( ) ( 0) 130 2 30 D 
1) 654 64 ; f x) 
. S P-36-1 6 040 ) j j { 0 
2 st 40 +4 } } 4 ( 7 3, 460 
4 st 40 )) 44 } ‘ 
} ‘ 5 B-36-1 ( 00 12 ) sf 7 Do 
a ft 00 Ue ) f , 7¢ 870 Do 
‘ 100 #2 } sf | RS Do. 
! Lower bearing blocks 1 incl apart for 12- and 18-inch pipe; 2 inches for 24- and 30 h pipe hes for 
? Plain-end pipe—thickness is sverage of measurements at 10 points equally sy i g tl rack B b rrel at spigot end 
Approximate 
‘ Cracked before test, not ing luded in average 
TABI Es Smooth pipe, ce ntrifugall j-cast, 3-edge be aring, load applve ad at cente OJ pipe unless othe rwise noted ! 
Identifi- | .. Dhick- ; Lengt! ; strength, 
cation Nominal Weight ness at a of bear I 5 pe foo! Rematke 
no S1Ze€ break 2 engin t ng t Ie 
Inches Pounds Inches Inch Inches Inches P. is s 
(* P-12-1 12 165 0. 42 6) ¢ f D5. OK g 
2 12 168 4] 36 6 se 27. 050 ( 8 OR0 
12 166 42 36 ( se 27, 80 0 
CB-12-1 12 246 14 40 3614 34 47 420 
2 12 250 43 4] 7 4 4, 650 ) S2 
3 12 24 43 40)! 64 30) 24, 700 8,18 Load applied at center of bearing 
Not included in average 
I C P-16-1 16 78 51 36 6 f 2 300 8 O80 
2 16 280 44 6 st f 2, 400 ~ " 8 67 
3 16 282 58 364% 364 614 9, 650 840 
I CB-16-1 16 404 51 4014 36 33 38, OOK 00 
2 16 400 51 40\6 36 3, 40, 950 ) 24( » 930 
) 16 402 51 405, 3614 33 40, 460 0, 040 
P} C P-20-1 20 452 63 3614 3614 36144| 32,350 6, 430 
2 20 440 65 silo 3646 3616 7, 950 7, 490 6, 830 
20 446 59 3614 6% 36144 33, 100 6, 570 
Be C B-20-1 20 570 64 1015 3614 33 44, 500 & 840 
2 20 572 60 41 Sho 33 40, 950 &. ORO 8. 640 
3 20 580 . 66 41 3614 33 45, 250 8 990 
wer bearing blocks 1 inch apart for 12- and 16-inch pipe; 2 inches apart for 20-inch pipe 
iin-end pipe—thickness is average of measurements at 10 points equally spaced along the crack. Bell-end pir thickness of barrel at spigot end. 
Subsiantially the same as in the 2-edge test. In the | either in cross section or quality of metal. A slight 
e-ecze test, as will be shown later, the moment at the nonuniiormity may cause the pipe to break at the 
frown Is less than in the 2-edge test by an insignificant | bottom rather than at the top but a crack along the 
“Mount. Also in the 3-edge test the moment at the horizontal axis evidences nonuniformity of considerable 
bottom of the pipe is slightly less than at the top. magnitude. 
erefore, it is to be expected that a pipe which is About 80 percent of the specimens of smooth sand- 
fxactiy circular and of uniform thickness will crack, 


under the ultimate load in the 3-edge bearing test, 


Wone the upper element. Failure of the crack to 
develop j 


in this position is evidence of nonuniformity, 





‘ast pipe furnished by manufacturer A broke at the 
top and the remainder broke at the bottom except one 
specimen which broke at a flaw near the bottom. Of 
the smooth sand-cast pipe of manufacturer B, one 
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TABL 


Ider 

Type cat 

n 

Pipe M- 
Cul F 
Pipe M- 
Cuff F- 
Pipe M- 
Cuff F-2 
Pipe M- 
Cuff. F- 
Pipe M- 
Cuff. F- 


! Lower bearing blocks 1 inch apart for 15- and 18-inch pipe; 2 inches for 2 
2 Thickness at break taken under load at end of pipe which cracked first 


E 4.—Spiral-corrugated pipe, 3-edge bearing, load applied at center of 


itifi- Nominal 
ion 
size 
oO 
Inches 
15-1 15 
2 15 
3 15 
15-1 15 
2 15 
3 15 
18-1 18 
2 Is 
3 1s 
18-1 IS 
2 18 
3 IS 
24-1 24 
2 24 
3 24 
24-1 24 
2 24 
3 24 
30-1 30 
2 30 
3 30 
30-1 30 
2 30 
3 30 
36-1 36 
2 36 
3 36 
36-1 36 
2 36 
3 36 


TABLE 5. 
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Thick- 
, : Over-¢ “a ; 
Weight | ness at | Qver-all) Laying 
break 2 Bt 

Pounds Inches Inches Inches 
152 '0. 27-0. 27 3834 36 
151 30 30) 3834 36 
152 28 oN 3834 + 
157 24 33 3844 a) 
153 22 $2 3844 36 
160 24 37 3854 36 
177 26- . 26 384, 3} 
169 28 29 39 36} 
168 24 2S 3854 3h 
192 20- . 30 3834 36} 
Sf | .25- .34 3854 Hh 
190 22 10 iN 4 36 
ONf 33 33 sy! 3 
285 $2 32 {Ql i6) 
Ish oe 4 ul tt 
ONS 32 3 q1 3 
ett) $5 10) 391 $f) 
291 33 $6 01 6; 
42] 38—- . 43 391 
420) 34 39 su! Hh 
$25 38 $s 391 Sua 
467 15 5A 391 ou 
is1 37 19 Ql if} 
480 | . 35 45 391 3H} 
557 | . 43 45 $01, 6 
560 42- .43 4044 $6 
557 43- .44 40 36 
646 | . 45 57 40 +H} 
636 | .41- . 56 4044 36 
631 45 57 40 $f) 


First value 


Length of 
bearing 


41014 
Why 


40 


40h, 


i) 


Load at 
first crack 
Pounds 
12, 700 
14, 600 
, 050 
2, GOO 
13, 150 
4, 050 
14, 250 
12, 500 
11, S00 
12, 950 
2, 000 
1, 20 
SOO 

| ve 
13, O50 
12, 100 
15, 250 
OOO 
17, 350 
20, 250 
22, 400 
21, 550 
19, GAD 
19, 500 
21, 400 
19, 150 
20, 400 
24, 300 
23, 400 
25, 000 


Load at 
failure 


12. 950 
2. 600 
900 


SOO) 
2 700 
, 150 


» 300 
1) 
000 


20, 650 
21, 700 
23, O50 


22, 450 
20, O50 
21, 800 


21, 800 
22, OOO 
21, 700 


26, 600 
27, 000 
25, 500 


24- and 30-inch pipe: 3 inches for 36-inch pipe 
thickness at bottom of corrugation 


Second value 
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prpe } 


Supporting strength, pounds per foot of 
diameter per foot of laying length 


At first At fail 


Average Average 
crack Ire 
+, 390 4, 120 
$, SYO | , THO 1, 000 1,010 
4,010 4, O1F 
3, 440 », 44 
, 510 4120 0) 630 
2, 410 5, 520 
3,170 170 
», 780 2, 860 2, 480 2 GW) 
2 20 2 slo 
2 S80 2, 880 
, 670 2, 6S0 2 Siw) 
» WO 2 640 
2 630 2 630 
1, SSO 2 230 9 120 
> 170 » “ 
2, 020 2 O50 
2 540 2 350 > ATO 
2, OO 2 00 
310 2,750 
2 700 2 670 2 300 ny 
2 490 O70 
2, 870 2 440 
2, 660 2, 7 it 2, 790 , MK 
2, 600 ! alo 
2, 380 2 420 
2, 130 2 20 ” $40 
2, 270 » 410 
2 700 » OM 
2, 600 2, A40 , 000 
2, 780 2 &30 


thickness at top of corrugat 


Ribbed pipe, 3-edge bearing, load applied at center of pipe! 


Distance 
from bell 


Supporting strength, pounds per foot 
diameter per foot of laying lenet! 





end to | Distance, Num- 
Identifi-| ,. Thick- center | between | ber of | Over- 
on . { ’ 4 ] y Aaa t OA t 
Type cation Nomis al! Weight | ness at line of trans- | trans- all : oder Roy , an . wl 
no, - break ? first verse verse | length | “?61© |trst cre es At first At fail- 
trans- | ribs ribs ol k Average — Ave 
| verse { i¢ t 
| rib 
Inches Pounds Inches Inches Inches Inches | Inches | Pounds | Pounds 
Bell end | R-15-1 15 150 \0. 24-0. 79 578 678 36 34} 9, 850 11, 100 2, 740 » 940 3, OVO 
| 2 15 1530 | .33- .91 | 51% 674 36 34! 11, 250 12, 900 3, 130 be 500) 
Do R-18-1 18 | 230 | . 30-1. 05 | 554 6iiel 6 is! 37 19, 000 22, 650 4,110 4, WOO 
} 2 18 | 228 | . 28-1.03 5°4 61 i ¢ 6 38) 37 19, 650 19, 650 1, 250 4,010 4, 250 
3 18 228 | . 28-1.00 54% Ohie 6 381 37 17, 000 21,450 3, 680 4, 40 
Do R-24-1 24 310 | . 25-1. 20 bho THe ) 37 36 13, 300 15, 000 2, 220 2, 500 
2 2 306 | . 33-1. 20 61 THe 37 $f) 14, 850 18, 550 2, 470 1, 350 $, OBO 
3 24 303 30-1. 16 6} 7 ) 37! 3) 14, 200 17, 000 2, 370 2, 830 


| Lower bearing blocks 1 inch apart for 15- and 18-inch pipe; 2 inches for 24-inch pipe 


2 First. value—thickness of barrel at spigot end. Second value 


third broke at the top and one third broke either at 
the bottom, or at the top and bottom approximately 
simultaneously. The remainder, except two in which 
the exact location of the crack was not determined, 
broke either at the side, or at the top and side, bottom 
and side, or top, bottom and side, simultaneously. 
About 65 percent of the specimens of spiral corrugated 
pipe broke at the top and the remainder, except three 
specimens in which the exact location of the crack was 
not determined, broke at the bottom. All specimens of 
the smooth, centrifugally cast pipe broke along the top 
indicating a greater uniformity in this group than in 
the other three which have been discussed. This is 
probably due to the method of manufacture which 


total thickness of barrel and rib at first rib from spigot end. 


may be expected to result in a more uniform thickness 
of metal than sand-casting methods. 

Ribbed pipe of the type tested is not of uniform cross 
section, and failure of the shell will not necessari!) 
occur at the top. The bending moment on the hort 
zontal axis through the center of the ring prodices 
tensile stress in the outer fibers and the tensile stress 
produced in the small rib sections may be sufficient to 
produce initial failure at this point even though the 
bending moment is much less than at the crown, where 
the ribs are in compression. This type of failure 


actually occurred as was evidenced by crack deveiop- 
ment during the tests and by the fact that all o the 
eight specimens tested broke along both sides. 


I e ol 
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Figure 5.—RisBBeEp Pipe AND Sprrat-CORRUGATED PIPE 
them also broke at the top and one of these five also 
broke at the bottom. 

In testing the smooth pipe with bell ends it was ob- 
served in numerous cases that, at failure, a crack 
developed in the body of the pipe without the develop- 
ment of a visible crack in the bell. The other cases, 
in which the crack developed throughout the leneth of 
the specimen, are indicated in tables 1 and 2. 


INFLUENCE OF POSITION OF LOAD SHOWN IN TEST RESULTS 


The test results for 12-inch pipe shown in tables | 
und 3 show that the position of the center of load appli- 
cation on the upper bearing block has an important 
influence on the strength developed by pipe with bell 
ends in the 3-edge bearing test. The tests of 12-inch 
pipe with bell ends reported in table 1 were all with the 
load applied at the center of the bearing block. The 
center of the load was 15 inches from the spigot end 
and the eccentricity of load, with respect to the center 
of length of the pipe, was 4% inches. The average 
strength of the bell-end pipe (6,340 D) was only 80 per- 
cent of the average strength of the 12-inch pipe with 
plain ends (7,970 D) on which the load was applied at 
the center of the pipe. In all the other tests of bell-end 
pipe shown in table 1 the load was applied at the center 
of the pipe and in every case the average strength of 
the bell-end pipe was greater than the average strength 
of plain-end pipe of corresponding size. 

Bell-end pipe CB-12-3 (table 3) was tested with the 
point of load application at the center of the bearing 
block, the eccentricity with respect to the center of the 
pipe being 5% inches. The strength of this pipe was 
only 76 percent of the average strength of specimens 
CB-12-1 and CB-12-2 which were tested with the load 
in the center of the pipe. Also, the strength was only 
91 percent of the average strength of the 12-inch pipe 
With plain ends. As in table 1, the average strength of 
all other bell-end pipe in table 3 is greater than the 





WitH BEARING BLocks UseEp IN 3-EpDGE BEARING TEST. 


average strength of plain-end pipe of corresponding 
size. The influence of the position of the point of load 
application is also shown by the deflection measure- 
ments which will be discussed later. 

It is apparent that the application of load at the 
center of the bearing block rather than at the center 
of length of the pipe subjects pipe with bell ends to an 
unduly severe load condition which results in an ap- 
parent lowering of their strength in the 3-edge bearing 
test. That it is not a fair test is evidenced by the failure 
of pipe loaded in this manner under lower loads than 
for failure of plain-end pipe of similar dimensions. 

STRENGTH TESTS DISCUSSED 


The average strength of bell-end specimens of the 
smooth, sand-cast pipe of manufacturer A (table 1), 


ee 








Figure 6.—Position oF MICROMETER DIALS FOR MEASURING 
DEFLECTIONS OF SMooTH PiPE wiTH PLAIN ENDs. 








164 


TABLE 6. 


PUBLIC ROADS 


Smooth sand-cast pipe, 


rotal load of 3,000 pounds per foot of laying length 








Total load, 


Vertical deflections of pipe 


manufacturer A 


4,000 oe per foot of laying 


Vol 


Plain-en 





14,No 9 


le! gth 1 pipe 
ol t neces 
Nominal diameter Bell-end pipe Plain-end pipe Bell-end pipe 
Plain-end / t 
pipe » (Ota) 
. Deflections } : Deflections . 
Identifi- | Identifi- D sat. | d ( t ) 
cation 7 } cation * 2 sa — d, 
1ons de . 
= Bell Spigot Average | 2° Bel Spigot Average Deflec 
| tions 
Inches Inches Inches | Inches Inches In Inches Inches 
12 SB-12-3 0.013 0. 121 20.067 | SP-12-1 0. 078 0.019 0.173 2 0. 096 0.111 0. 0369 2) OH 
16 S B-16-3 038 115 .076 | SP-16-1 116 05 161 108 . 165 0340 Qn 10K 
20 S$ B-20-1 066 193 . 130 SP-20-2 s 09 270 ISO 285 y244 74, OO 
24 SB-24-3 - O81 248 164 SP-24-1 14 11 i4 228 107 0220 100, 204 
30 SB-30-2 119 265 192 SP-30-1 l¢ 16 rs 269 454 0225 93, GOK 
36 SB-36-3 . 110 258 . 184 S P-36-1 13 153 t 254 0232 85, SOK 
42 SB-42-3 127 224 176 S P-42-1 07 it s0Y 242 430 0252 67, 300 
is SB-48-1 . 196 375 28t SP-48-1 *. 630 272 20 30 0211 l 4K 
Smooth sand-cast pipe, manufacturer B 
12 SB-12-2 0. 033 SP-12-3 0. O6F 0. 047 0. 094 0. 0400 0 
Is SB-18-3 058 314 | 186 SP-18-2 316 OS 0. 437 0. 259 450 0244 74, OOK 
24_. SB-24-2 104 252 178 S P-24-2 217 144 0 247 306 0258 62, GOK 
30 S$ B-30-2 151 417 284 8 P-30-2 212 mst 399 . 499 0227 v1, SOK 
36 SB-36-2 O07 214 144 S P-36-1 | 251 O4 2, Os 446 0264 SOK 
| 
Smooth centrifugally cast p 
ar 7 | 
12 C B-12-2 0. 016 0. 073 0. 044 C P-12-2 0. OVO 0). 023 0. 062 0. 123 0. 0331 0, 404 
16 C B-16-1 034 100 067 C P-16 (US O48 +0 O04 . 138 0 6, 40x 
20 C B-20-3 036 10S 072 C P-20-2 0 OAY U OUS 143 0322 2, GO 
Spiral-corrugated pipe Ribbed pipe 
Té ‘ » 000 ‘ 
Total load, 3,000 pounds per foot of lay- Total loa 1, 7 Potal load, 3,000 pounds per Total load, 2,000 pound 
ing length pounds per foot f of laying lengt! foot of laying lengt} 
= ” | of laying length Identifi- : —— sini _ 
——— catilor 
Identification no. Deflections Deflections ! Defle Deflections 
Pipe Cuff Pipe Cuff Pipe Cuff Be SI} Average Bel Spigot Ave 
15 M-15-1 F-15-2 0. OR8 0.09 0. 053 0. O5¢ R-15-1 OF 0. 200 0 2 0. 068 0. 12¢ 
18 M-18-2 F-18-3 168 168 105 103 R-18-2 ORS 10 09 056 O8 | 
24 M-24-3 |  F-24-3 190 186 118 116| R-24 169 2 12 108 138 
30 M-30-2 | F-30-3 | . 272 237 174 154 
36 M-36-2 | F-36-1 | 327 275 212 17¢ 
' 
Average of deflections measured at each end of specimen 2? Load applied at center of upper bearing block 3 Extrapolated 


and the smooth, centrifugally cast pipe (table 3) which 
were loaded at the center of length was greater in all 
cases than the average strength of the corresponding 
specimens with plain ends. However, this 
always true of individual specimens. 

For example: Bell-end pipe SB-20-2 developed a 
lower strength than the corresponding plain-end pipes 
SP-20-1 and SP-20-2; pipe SB-36-1 was not as strong 
as the plain-end specimen SP-36-3; and specimen 
SB-48-3 showed a lower strength than specimen SP-48-1. 
In the centrifugally cast pipe, bell-end specimen CB-16-1 
developed a lower strength than the corresponding 
plain-end specimen CP-16-3. These apparent discrep- 
ancies may be attributed partly to differences in quality 
of metal and partly to differences in shell thickness due 
to unavoidable inaccuracies in manufacture. 

In the smooth, sand-cast pipe of manufacturer B 
(table 2) the effect of the bell ends on strength is less 
pronounced than in the pipe of manufacturer A and 
the centrifugally cast pipe. This is probably <7 to 
differences in the design of the bells. (See fig. 7 for 


5S 


was not 





typical cross sections of 12-inch pipe.) 
which 


cases 1n 


individu: i 


| specimens 


with 


There are mor 


bell el 


developed less strength than specimens of the same 


size with plain ends. 


pipe, 


ends. 


Pipe with bell ends normally may be expected 


develop a 


plain ends. 


account of 


the design of the bell. 


inaccuracy 
in quality of metal. 


less than 


Howe ver, 


that 


In the case of the 24- and 
even the average strength of 
was somewhat 


of 


30-11 
the bell-end p 
the pipe with plain 


ch 


1)¢ 


to 


greater strength in the 3-edge bearing test, 
with the load applied at the center of length of 
pipe, than pipe of the same size and dimensions 
these tests have shown that 
differential in strength cannot always be expecte: 
in manufacture and differ 
It is indicated also that the an 
of any strength differential which exists is influenc: 
It is reasonable to assum¢ 
the differential is also dependent on the length o 


the 
ith 
his 
on 
ees 
int 
by 
hat 
the 


specimen, being less for long pipe than for short ones. 


Since culvert pipe is furnished in lengths up to 12 


and it has been found in these tests that the 


feet, 


toot 
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SAND CAST 
MANUFACTURER -B 


FiGURE 7.—-SEcTIONS OF BELL-ENpD Pipe, NoMINAL DIAMETER 


12 INCHEs. 


specimens with bell ends did not consistently show a 
higher strength than pipe with plain ends, it is con- 
cluded that the design of cast-iron pipe to withstand 
the 3-edge bearing test may more safely be based on 
the results of tests on plain-end specimens than on 
tests of bell-end specimens. 

In the tests of spiral corrugated pipe (table 4) and 
ribbed pipe (table 5) it was observed that the speci- 
mens cracked at a load which was generally, but not 
always, somewhat less than the ultimate load. Both 
the load at which the first crack developed and the 
ultimate load are reported although the former is 
considered to be more significant of the ability of the 
pipe to withstand the strength test. 

The average strength at first crack of all sizes of cor- 
rugated pipe and ribbed pipe exceeded 2,000 pounds per 
foot of diameter per foot of length and only one speci- 
men (M-24-2) developed a strength lower than this. 

The supporting strength of spiral corrugated pipe is 
so dependent on the dimensions of the corrugations and 
that of ribbed pipe is so dependent on the size and 
location of the ribs that no general conclusions may be 
drawn from the results of these tests. The strengths 
reported are those developed by pipe of certain di- 
mensions and design and it 1s not possible to derive from 
these results data applicable to pipe of different design 
or dimensions. The only conclusion which appears to 
be justified is that corrugated or ribbed pipe, similar 
in all respects to those included in these tests, may be 
expected to develop a strength in the 3-edge bearing 
test of at least 2,000 D pounds per linear foot of laying 
length. 

DEFLECTION OF PIPE DISCUSSED 

Typical load-deflection curves obtained in_ these 
tests are shown in figure 8. The curves for all the 
other specimens are of the same general character vary- 
ing only in the magnitude and relationship of deflec- 
tions at a given load. 

The significant data with respect to vertical deflec- 
tions are given in table 6. 
deflections of all specimens under a load of 3,000 pounds 
per foot of laying length, the maximum load at which 
readings on all pipe were available. For comparison, 
a second set of deflections under a different load is also 
given. For the smooth sand-cast and centrifugally 
cast pipe this load is 4,000 pounds per foot of laying 
length and for the spiral-corrugated and ribbed pipe it 
is 2,000 pounds per foot of laying length. 

17285—33——2 
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The smooth sand-cast pipe, SB-12-3, of manufacturer 
A was the only bell-end specimen on which deflection 
readings were obtained with the load applied at the 
center of the bearing block rather than at the center of 
the length of the pipe. Comment has already been 
made regarding the effect of this eccentric load applica- 
tion on the supporting strength and, as is to be expected, 
its influence on deflections is apparent. Comparing 
the deflections of specimen SB-12-3 under a load of 
either 3,000 or 4,000 pounds it will be noted that the 
deflection of the spigot end is about 56 percent greater 
than the deflection of the corresponding plain-end 
specimen, SP-12-1. For the 16- and 20-inch pipe of 
manufacturer A and the 18-inch pipe of manufacturer 
B, all of which were tested with the load applied at the 
center of length of the pipe, the deflections of the spigot 
end of the bell-end pipe are about the same as the 
deflections of the corresponding pipes with plain ends. 
Other things being equal, deflections are directly pro- 
portional to loads and therefore it is to be expected, as 
has already been shown to have been the case, that an 
eccentricity of load application which causes the spigot 
end of a bell-end pipe to deflect much more than a 
plain-end pipe of the same metal and dimensions under 
symmetrical loading, will cause the bell-end pipe to fail 
ut a lower load than the pipe with plain ends. 

The data of table 6 and the curves of figure 8, which 
are all concave downward, show that the deflections 
increased at a somewhat greater rate than the corre- 
sponding loads 

A comparison of the average deflections of bell-end 
pipe with those of pipe with plain ends shows that in all 
cases, the presence of the bell resulted in a greater 
stiffness of pipe. However, only short lengths of pipe 
were tested. The increased stiffness is not always the 
same and this may be attributed to differences in the 
bells themselves. 

Comparison of deflections of different types of pipe of 
the same size shows some differences in flexibility but it 
should not be concluded that these differences are 
necessarily inherent in the type itself. The type may 
have a considerable influence, as in the case of the 
spiral-corrugated pipe, which naturally is much stiffer 
than a smooth pipe of the same shell thickness, but the 
details of design are also of great importance. In 
general, pipe of the larger sizes show a greater flexibility 
than those of smaller size but this need not necessarily 
be the case. It should be remembered that deflection 
of a smooth pipe under a given load is dependent on 
three variables—diameter, shell thickness, and the 
modulus of elasticity of the metal. 

The vertical deflection of smooth pipe with plain 
ends in the 2-edge bearing test * is given by the equa- 
tion * 

Pr’ 


Ay = 0.15 a 


(2) 
where 
Ay = vertical deflection, in inches, 
P=load, in pounds, 
r=radius of center line of shell, in inches, 
E=modulus of elasticity, in pounds per square 
inch, 
7 =moment of inertia of a longitudinal element 
of the shell, in inches’. 


As will be shown in the discussion of modulus of rupture of pipe, this test may be 
considered, for all practical purposes, to be the same as the 3-edge bearing test. 
4 Tests of Cast-Iron and Reinforced Concrete Culvert Pipe, by Arthur N. Talbot, 
Bulletin No. 22, University of Illinois 
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SMOOTH SAND-CAST PIPE 
ANUFACTURE A MANUFACTURER -A MANUFACTURER -B 
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Figure 8.—Typicat Loap-DEFLECTION CurvEs. AN ASTERISK FOLLOWING THE SERIAL NuMBER INDICATES DEFLECTIO 
ARE AVERAGES OF MEASUREMENTS AT EAcu END oF PIP! 


This equation is applicable to pipe of constant section 
and constant modulus of elasticity. Cast-iron pipes, | 
due to unavoidable inaccuracies in manufacture, are 
not accurately uniform in cross section and the modulus 
of elasticity of cast iron is not a constant. However, 
the formula is useful as a basis of comparison and, as 
has been pointed out by Talbot, may be used somewhat 
empirically. 

By making suitable substitutions, equation 1 may be | 
reduced to the form 

t 3 
i ‘) 


ro ( ty 


¢=shell thickness, in inches, 
d= inside diameter of pipe, in inches, 
b=length of pipe, in inches. 


0.225 


Ay = 


where 


For convenience equation 2 may be written 


0.225P 
Eb (3) 


().295 


mt met 


Ay = 


where 


t $ 

(7) 
Thus, for constant value o load, modulus of el 
ticity, and length of pipe, Pg is a straight-line ré 


| tionship between deflections and values of K. 


Vs 


t “ ; ; 
alues of 7 and ‘x for the smooth pipe with plain « 


are given in table 6 and, in figure 9, these values « 
have been plotted against the corresponding obse! 
deflections. The values of t used in computing 
the average thicknesses as measured along me cl 
in the pipe and given both in tables 1, 2, and ‘ 

tables 7, 8, and 9. Values of d are the average i 
diameters as given in tables 7, 8, and 9. Since the 
shells did not have 
always exactly 


circular in these v: 


values W 


How: 


cross section, 


|of ¢ and d are not necessarily the true 
|should be used in computing deiactniin. 


a constant thickness and were !\' 


J 
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they are the best figures available and believed 
that there are no departures from true values of suffi- 
clent magnitude to introduce errors of Consequence in 
this discussion. Therefore, the deviations of the plotted 
points from the straight-line relationships shown in 
figure 9 are due primarily to deviations of the moduli 
of elasticity from the average modulus at this particular 


load. 
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o 
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> E 19,300,00 
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VERTICAL DEFLECTION - INCHES 
FIGURE 9 RELATIONSHIP BETWEEN VERTICAL DEFLECTIONS 
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The average straight-line relationships between verti- 
cal deflections and values of K, for the three groups of 
pipe, correspond to moduli of elasticity of 14,400,000, 
15,000,000, and 19,300,000 pounds per square inch, 
respectively, for the sand-cast pipe of manufacturer B, 
the sand-cast pipe of manufacturer A and the centrif- 
ugally cast pipe. This order of values of moduli is not 
in agreement with the order of values shown by the 
strip tests which will be described later. The average 
values of moduli of elasticity, as determined by tests on 
strips, are lowest for the sand-cast pipe of manufac- 
turer A and highest for the centrifugally cast pipe. 
While there is a fairly large difference between the 
verage moduli of the sand-cast pipe and that of the 
‘entrifugally cast pipe, it apparent that, for the 
iooth pipe included in this study, the magnitude of 
the vertical deflections under a given load in the 3-edge 
aring test was influenced more by variations in the 
tio of shell thickness to diameter than by variations 
1 the modulus of elasticity of the metal. 


is 


f 


MODULUS OF RUPTURE OF PIPE STUDIED 


The load capacity of cast-iron pipe in the 3-edge 
bearing tests is influenced by the diameter of the pipe, 
the thickness of the shell, and the strength of the metal, 


and it is impossible to study the influence of any one 
of these variables without a knowledge of the other two. 
In any given case, the first two variables may be de- 


- nined by measurement. As a measure of the third 

ariable, the strength of the metal, the modulus of 
rupture, computed ‘from the results of tests, is useful. 

(he 2-edge or ‘‘knife-edge” bearing test is the same 
as the ¢ 3-edge bearing test except that in the former the 
ower bearing consists of a single strip instead of two 
strips as in the latter. Thus, 





in the 2-edge test the | 
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specimen is loaded through the upper and lower ele- 
ments which are in a vertical plane through the longi- 


tudinal axis of the pipe. It has been shown ° that in a 
thin elastic ring loaded in this manner the maximum 
moment oecurs under the load and is given by the 
equation 
Py 
\/ (4) 
where 
M,= bending moment, in inch-pounds, 
r load, In pounds, 
r=radius of center line of ring, in inches 
It has also been shown ° that, for a thin, elastie ring 
in the 3-edge bearing test, the moment under the load 
Is civen by the equation 
Py ad ad ad 
M,=5-{ | | a ) (5) 
27 \ } ? - 
where 
Vf, = bending moment in inch-pounds, 
P =load in pounds, 


r—radius of center line of ring in inches, 
half the distance, between the 
bearing strips 1n inches, 


a one lower 


; a 
‘+, in radians, whose sine equals 
/ 


ce angle 
Equation 4 gives calculated bending mome nts some- 
what larger than those given by equation 5 but the 
difference is so slight as to be negligible for sled having 
the dimensions of which are under discussion. 
lor example, for a pipe having an inside diameter of 
12 inches and a shell thickness of one half inch, the 
moment for the 2-edge bearing exceeds that for the 
3-edge bearing with lower bearings 1 inch apart, by less 
than 1 percent. The same is true for a pipe having an 
inside diameter of 48 inches, a shell thickness of 1 inch, 
and the lower “ah ith in the 3-edge test spaced 4 inches 
apart. Since this is the case, it will be sufficiently 
accurate, and more convenient on account of its greater 
simplicity, to use the equation for the 2-edge bearing 
test in calculating the modulus of rupture for pipe tested 
in the 3-edge test. 
The modulus of rupture may be calculated from the 
usual flexure formula 


those 


Me 
R 6 
6) 
where 
R=modulus of rupture, or computed fiber stress 
in pounds per square inch, 
\M= bending moment in inch-pounds, 


c =distance from neutral axis to extreme fiber in 
inches, 

I =moment of inertia of the section 
element of the shell), in inches 4 


(longitudinal 


Combining equations 4 and 6, 


Pre 
R 
a? | 
§ Tests of Cast-Iron and Reinforced Concrete Culvert Pipe, by Arthur N. Talbot, 
Bulletin No. 22, University of Illinois. Experimental and Mathematical Analyses 
of Drain Tile Testing and New Test Bearing, by Dalton G. Miller and Joseph A. 
Wise, Technical Bulletin 52, University of Minnesota Agricultural Experiment 
Station 
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Let 
d=inside diameter of pipe in inches, 
t=shell thickness in inches, 
b=length of pipe in inches. 
Then 
R 0.955 P(d +t) 7) 
i = 5 { 
bt? , 
When 


b= 12 inches and P 


load in pounds per linear foot 
of pipe, 


796 P (d +t) 
t- 


R (S) 

The flexure formula, equation 6, is based on the 
assumptions that the modulus of elasticity is a constant 
and that the fiber stress is within the elastic limit of 
the material. For cast-iron at the breaking load these 
assumptions are not fulfilled and therefore the modulus 
of rupture, as given by equations 7 or 8, is not the true 
stress in the outer fiber. However, as with other 
materials, the calculated modulus of rupture of cast-iron 
is a useful measure of the strength of the material at its 
ultimate load. 


DESIGN DATA PRESENTED 


Values for the moduli of rupture of the smooth pipe 
with plain ends (described in tables 1, 2, and 3) have 
been calculated from equation 8 and the results are 
given in tables 7, 8, and 9. These tables also give the 
average inside diameters of the pipe, which generally 
vary somewhat from the nominal diameters; and the 
maximum and minimum, as well as the average, thick- 
ness of shell at the break. In the computations, the 
average inside diameter was substituted for d and the 
average shell thickness at the break for f. 


TABLE 7. Breaking load and moduli of rupture of smooth sand- 
cast pipe with plain ends of manufacturer A 


Shell thickness at 


Devi 

Nom- | 4Ver- break Modu- ation 

Identifica- inal aa p Break- lus of | Aver from 

tion no. | diam- - aan) rup- ge grand 
eter (“eter | Maxi-| Mini- | Aver ; ture 


mum mum ge 


Lh per Lb. per Lh. ner Pe 
Inches | Inches Inches Inches | Inches foot 





sq. in 8q. in cent 
SP-12-1 12 12.2} 0.47 0. 44 0.45 42, 300 |) { 13.1 
. ae 3] 123 if} $1 14 40, 300 | »40, 800 74 
3_. 12} 12.2 165 11 14 39, 700 || | 
SP-16-1 16| 16.2 58 52 55 | 8,140 | 35,900 |) | 1.0 
2 16 16. 2 . 52 4s 50 7,350 | 39,100 (737, 700 $5 
3 16|-16.2| 54 49; .51. 7,440 | 38,000 | | 16 
S$ P-20-1 20 | 20.5 54 52 53 7,270 | 43, 300 |) {| 15.8 
2 20 20.5 52 17 0 6,550 | 43,700 741, 400 16.8 
ea 20) 20.5 51 50 50 | 5,580 | 37,300 || | 3 
S$ P-24-1_. 24 24.5 55 53 54 4,800 | 32, 800 | 2.3 
, 24 24.5 9 53 56 6,040 | 38,400 | )38, 200 2.7 
‘.. 24| 24.5 57| .53| .55\| 6,580 | 43,400 || | 16.0 
S P-30-1 30 | 30.2 71 65 .68 | 7,490 | 39,800 |) | 6.4 
2 30 | 30.2 77 .72 74 | 7,120 | 32,000 |}34, 400 14.4 
3 30) 30.1 76 71 73 | 6.830 | 31,500 || | 15.8 
SP-36-1 _. 36 36. 2 85 82 _ 84 8,530 | 35, 600 \o4 600 | $8 
3 36 | 36.0 93 88 .91 | 9,500 | 33,700 |f"""™™ |\ 9.9 
8 P-42-1 412 | 42.0 1. O8 1. 04 1.06 | 11,980 | 36, 500 |} | 2.4 
2 42 42.0 1. 01 be) 1.00 | 10,430 | 35,700 |>37, 700 4.5 
;.. 2| 421] 96 92 93 | 10,320 | 40,800 || | 91 
SP-48-1 48 | 48.4) 1.05 | 1.00) 1.02 | 8,400 | 31,800 |) { 15.0 
2. 48 48.5 93 87 90 7, 430 | 36,100 | >33, 500 5 
3 48 | 48.5 99 95 97 | 7,820 | 32,700 || | 126 
Grand av 37, 400 5.7 


1 Average of thickness at 10 equally spaced points along the crack 
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TABLE 8.—-Breaking load and moduli of rupture of smooth sand- 
cast pipe u ith plat n ends of manufac irer B 


Shell tl k nes t Dev 
Nom Aver hreal — Modu ition 
i e 
Identifica nal : lusof | Aver from 
tion no diam- | 7S! de sng rup ige grand 
< : lian Ma Min Aver load y + 
eter A ture iver 
eter mum mi ige 
ve 
Lh] Lh. per| Lt / 
I Inch Ine h t sg. U7 sq nt 
SP-12-1 11.9 ( ) i4 0. 51 &, 200 | 31, 100 | y 
2 11.9 ( { { 6,900 | 32, 100 ()33, 500 6. 4 
} : 
2 ( $4 {Ss &. 650 ; iM) | S79 
SP-1S-1 S | j is 4,280 | 27, 300 | 4 
2 s 8.0 i i 44 4,870 | 36,900 | 234, 900 t 
8 7 14 1 6,120 | 40, 500 | § 
SP-24 { i 8 f 60 R50 31, 500 | s 
2 i 24.0 t 2 300 | 37, 200 35, 400 s 
{ { { 0 6,890 | 37, 500 | rr) 
SP-30 30.0 0 6, 780 | 33,800 |} | 
0 0.0 70 5 6s 6, 630 $5, OOO 3, 600 2.0 
0 | 30.0 72 ) 68 | 6,090 | 32,100 || | 6.4 
a | f t | SS 0,500 | 34,500 |) 
, - $4, 200 
tf 0 QQ x G4 10, 170 SOO | 
Grand 4. 300 
Average of thickness at 10 equa I t | n slong the ick 


smootl 


TaBLeE 9.—Breaking load and moduli of rupture of 
centrifugally cast pipe with plain ends 





rT t t " 
Nor A bi Br Modu 
Identifica nal pp 9 lus of Aver f 
tion! ul ian. | ont. | hd Ave load rup ive I 
eter ture ive 
je - it 
Lb. pe Lb. p Lb} 
Inch Inche Inche Inet Inche rot sq. in n / 
CP-1 2 2.4 4 i 0.42 8, 650 0), OOO | 14 
2 2.4 12 i) 4) 9,020 | 54,700 52, S00 1+ 
2 12.4 44 4 42 9,270 | 5 | 
CP-le t) 16.4 53 Ww ‘I 10, 770 | ‘ 
2 lf 16, 2 4 44 49 10, SOO 55. 000 
16 6.0 t 2 58 | 13,130 | 51, 
C P-20-1 20 a), 2 ( 2 63 | 10,710 | 44, 700 | | i 
» 0 | 220 68 f 65 | 12,480 | 49,000 |)48, 600 t 
yt) wt. 2 ( 57 59 10, 960 52, 100 | 
Grand a\ 52, 300 
Average of thickness at 10 equally spaced points along the crack 


In comparing the average moduli of rupture of the 
three groups of specimens shown in these tables, ope 
relatively high modulus of the centrifugally cast pipe is 
noteworthy. The pipe = this group have an average 
modulus of rupture of 52,300 pounds per square inch 
as compared with 37, 400 pounds per square inch fo: 
the sand-cast pipe of manufacturer A and 34,300 pounds 
per square inch for the sand-cast pipe of manufacture: 
B. These results, as well as those of the strip tests 
to be described later, show that the centrifugally cast 
metal in these specimens is unquestionably of materially 
higher strength than the metal in the specimens whic! 
were cast in sand molds in accordance with commo 
foundry practice. 

The consistency of the values of modulus of rupture 
developed by individual specimens in each of the three 
groups is considered to be reasonably good, the averaye 
deviations being 8.7 percent, 7.7 percent, and 6.1 per- 
cent, respectively, for the sand-cast pipe of manufsc- 
turer A, the sand-cast pipe of manufacturer B, and the 
centrifugally cast pipe. The relatively low ave! 


deviation for the centrifugally cast pipe may be indic- 
ative of a more uniform product but this figure is 
established by fewer specimens than in the other gro.ps 
and the maximum deviations for individual speci! 
| of centrifugally cast pipe are not greatly lower t!an 
are those for individual specimens of the sand-cast pipe 
of manufacturer A. 


4 























November 1933 


PUBLIC 


It is important to note that, in spite of the reason- 
ably low average deviations, the calculated moduli of 
rupture of individual specimens vary through a rather 
wide range in all three groups. For the sand-cast pipe 
of manufacturer A the modulus of rupture varies from 
a minimum value of 31,500 pounds per square inch to a 
maximum of 43,700 pounds per square inch and the 
maximum deviation from the average is 16.8 percent 
The variation for the sand-cast pipe of manufacture B 
is from 27,300 to 40,500 pounds per square inch with a 
maximum deviation of 20.4 percent, while for the 
centrifugally cast pipe the range is from 44,700 to 59,- 
700 pounds per square inch with a maximum deviation 
of 14.5 percent. 

The moduli of the sand-cast pipe of manufacturer A 
and of the centrifugally cast pipe show a general trend, 
though not a very ceased or consistent one, toward 
lower values with increasing thicknesses of shell. The 
moduli developed by the sand-cast pipe of manufac- 
turer B appear to be independent of shell thickness. 

A knowledge of the modulus of rupture of cast-iron 
pipe, which may be expected in any particular case, 1s 
useful in designing pipe to resist a given load in the 
3-edge bearing test, or in predicting the approximate 
load which pipe of a given thickness and known quaiity 
of metal will support. 

The strength of pipe in the 3-edge test is commonly 
expressed in pounds per linear foot of pipe per foot of 
pipe diameter. Thus, pipe is said to have a strength 
of 2,000 D pounds per linear foot, )) being the nominal 
inside diameter of the pipe in feet. In this connection 
it is convenient to transpose equation 8 into another 
form. 

In this equation 


P = load in pounds per linear foot of pipe, 
d= inside diameter of pipe, in inches, 


Let L=load in pounds per linear foot of pipe per foot 
of pipe diameter. 
a Ld 
Then P= 55 
Substituting in equation 8, 
, 0796 Ld (d +t) 
hi — 
1 2t° 
and ‘s 
12 R > 
L 12 Rt ‘a Q 


0796 d (d +t) 


0796 ( 1+ ‘) 


Thus, for any given value of load, Z, and modulus of 


rupture, R, the ratio of shell thickness to diameter vis 
a constant. 

The curves of figure 10 are based on calculations made 
with equation 9 and may be used to determine the shell 
thickness of smooth cast-iron pipe for any required 
strength and assumed modulus of rupture, or to pre- 
dict the approximate strength of pipe when the ratio, 


t 
q? nd the approximate modulus of rupture is known. 


in designing pipe for strength by the use of equation 
9 consideration should be given, in the selection of the 
value of R to be used, to the range in values of modulus 
of rupture which may be expected in pipe manufactured 
to meet the design requirements. Also, some allow- 
a safeguard 


ance in shell thickness should be made as 
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A Pail 
ives 
FiGuRE 10.— THEORETICAL RELATION BETWEEN ULTIMATE 
LOAD IN THE 3-EpGE BEARING TEST AND THE RatTIO OF 
SHELL THICKNESS TO INSIDE DIAMETER CastT- 


FOR SMOOTH 
[RON Pipe with PLAIN ENDS 
against unavoidable inaccuracies in the manufacture of 
the pipe. An arbitrary increase in the theoretical 
thickness given by equation 9, of not than 10 
percent is suggested 


less 


BENDING TESTS MADE ON STRIPS CUT FROM PIPE 

Some specifications for cast-iron pipe, notably those 
of the Federal Government, require bending tests on 
small machined =_ cut from sample pipe, and pro- 
vide limiting values for the modulus of rupture of such 
strips and for the secant modulus of elasticity at the 
breaking load. 

For example, the following requirements are quoted 
from Federal Specification WW-P-421 for Cast-Iron 
Water Pipe (Bell and Spigot 


F-4a. From each 300 lengths of 
each size in the contract or order, one length of pipe shall be 
selected by the inspector before coating. From each sample 
pipe there shall be cut and machined one test strip 12 inches 
long, 0.50 inch deep, and the full thickness of the shell in width. 
This shall be tested as a beam (with machined surfaces top and 
bottom) on supports 10 inches apart with load applied at two 
points 343 inches from the supports. The strip shall be accu- 
rately calipered at point of rupture and stress calculated by the 
formula 


pipe, or fraction thereof, of 


PLe, P ee a iin «_ 40P 
6/ or tor e& ADOVE speci nen s“9*= b 
F-4b. The secant modulus of elasticity at the breaking load 
shall be calculated by the formula 
, 23aPL 1 o42.6 
EK (9067, for the above specimen E=S “7 


In these formulas, 
S=modulus of rupture, 
E=modulus of elasticity 
P= total load, 
L=length of span, 
c= distance to extreme 
/=moment of inertia, 
b=width of specimen 
d=depth of specimen, 
y=center deflection at load P. 


fiber, 


thickness of pipe 


It has been suggested that the modulus of rupture 
developed by these small test specimens — serve 
as an index of the modulus of rupture developed by 
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the specimens of pipe from which the strips are cut 
in the 3-edge bearing test. The advantages to be 


gained by testing small strips of metal rather than full- 


size specimens of pipe, both from the standpoint of 
convenience and economy, are manifest. In order to 
determine the suitability of the strip test as a measure 
of the supporting strength of pipe, a complete series of 
tests was made on strips cut from all the smooth pipe 
with plain ends which are listed in tables 7, 8, and 9. 

The strips were taken from the pipe which had been 
broken in the strength tests and were machined and 
tested in accordance with the specifications quoted 
above. A 20,000-pound universal testing machine, 
converted to 2,000-pound capacity for these tests, was 
used for applying the loads, the moving head being 
operated at an idle crosshead speed of 0.03 inch per 
minute. 

The loads were applied to the strips at the third 
points through a system of cylindrical rollers and the 
specimen was supported by blocks with line-bearings 
which in turn were supported by a cylindrical bearing 
at one end and a spherical bearing at the other. A 
view of the testing apparatus is shown in figure 11. 

The cross-sectional dimensions of the specimen at 
the point of rupture were determined by measurements 
with micrometer calipers. The modulus of rupture 
was computed from these dimensions and the load at 
failure. 
the surface of the metal was removed from the strips 
by grinding before they were tested. 

The deflections of each strip at the center of span, 
for increments of load up to failure, were measured 
with a micrometer dial reading to 0.001 inch. The 


-APPARATUS FOR TESTING SMALL Strips oF Metat Cur rrom C 


The pitch coating and any sand adhering to | 
in table 10. 
'one from each of three locations, were defective «nd 


isT-[RON Pipe. 


deflection data were used to compute the tangent mod- 
ulus of elasticity at the origin and the secant modulus 
of elasticity at failure 

The most. convenient location in the broken pipe 
from which to obtain material for the strips was nea! 
the crack which had resulted in the failure of the pipe 
in the loading test Since the metal in this area had 
been subjected to high stress it was necessary to mak« 
a preliminary investigation to determine if the physica 
characteristics of the metal had been materially altered 
by the stress to which it had been subjected. In thi 
connection it should be noted that the direction o! 
bending in the tests of the pipe was at right angles | 
that in the bending tests on the strips. 

For the preliminary investigation, 3 strips were 
from each of 5 locations in the ha‘f circumference 
the shell of one of the 48-inch pipes with plain ends 
manufacturer A (specimen SP-48-1). The strips wer 
taken from the top (about 2 inches from the cra 
and bottom of the shell, from a location on the hori- 
zontal axis through the center line and from poits 
midway between this and the top and bottom. Thus 


\there were specimens from two areas of maxim 


positive bending moment, one area of maximum neyi- 
tive moment, and two areas where the bending moment 
was very small. 

The moduli of elasticity and of rupture calculated 
from the results of flexure tests on these strips are gi) cD 
The results indicated that three strips, 


the values for these were not included in the calcula- 
tions of average values. The individual values, ©x- 
clusive of those of the defective strips, are quite ©on- 
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sistent and the average values show no significant dif- RESULTS OF STRIP TESTS DISCUSSED 
ferences between strips taken from areas of high stress lhe results obtained in the strip tests are given in 


and those taken from areas of low stress. 


tions of greatest bending moment. Therefore, 


concluded that the test strips from the other pipe might 
safely be taken from the vic inity of the crack which 


done. 


Table 10 
shows that none of the defective strips were taken near 
the crack nor at the bottom of the pipe, the two posi- 
it was 


tables 11, 12, and 13, and typical load-deflection and 
stress-deflection curves are shown in figures 12 and 13. 

In general, 3 strips from each pipe specimen were 
tested but in a number of where flaws were 
observed, additional specimens were machined and 
tested. In most cases flaws in the metal could not 


cases, 


had developed under the loading test, and this was| be detected by visual examination before the strips 


had 


been broken and in numerous cases the flaws 

















TABLE 10.—Tests on strips from five positions in one 48-inch pipe 


(Modulus of rupture of pipe—31,800 pounds per square inch] 


Modulus of elas- 


ticity Modulus 
Location of strips in pipe of rup- 
ture 
Origin Failure 


Million Million 
lb. per lb. per Lh. per 
sq. in sq. in sq. in 


Top 11. 50 4. 60 33, 100 
10. 35 4. 65 32, 500 

10. 85 4.79 33, 300 

Average 10. 90 4. 68 33, 000 

45° from top 12. 38 | 5. 02 $2, 300 
11. 85 4.89 31, 900 

10. 93 | 6.17 19, 600 

Average 12.12 4. 96 32, 100 

90° from top 10. 67 4. 75 $3, 600 
8. 64 5. 97 1 22, 400 

| 8. 51 4. 57 31, 500 

Average 9. 59 4. 66 32, 600 

45° from bottom 1. 60 6. 07 26, 200 
11. 20 4.77 $1, 900 

11. 22 4.84 32, 900 

Average 11. 21 4.80 32, 400 
Bottom 12. 50 4.20 32, 800 
12. 46 4.03 33, 200 

12. 61 4. 8S 34, 000 

Average 12. 52 4.87 33, 300 
Grand average 11.34 4.79 32, 800 


! Values for this strip excluded from averages. 


which were observed had no apparent influence on the 
strength of the metal. For instance, 2 of the 3 strips 
from pipe SP-20-2 (table 11) had flaws and yet the 
modulus of rupture of both of these strips is higher than 
that of the strip in which no flaw was detected. 

The test results for all strips, whether defective or 
not, are included in the tables and all results have been 


TABLE 11.—Results of bending tests on strips from smooth sand-cast pipe with plain ends 


Modulus of elasticity of strips 


Modu- 
lus of 4 
Identification no. rup- ‘ 
At origin Average At failure Average po 
l 2 5 4 ‘ 


Million lb. | Million lb. | Million lb. | Million lb Lb. per| Lb 


per sq 7 per sq. in per sq. in per sq. in. | &q in sq 
SP-12-1 of 13. 44 9 13 8.86 | 35,100 | 36, 
13 os 9, 22 36, 500 | 
13. 01 8. 24 38, 300 
2 11. 06 11.83 8. 44 7.29 | 26,400 | 32,: 
211.79 6.71 36, 400 
12. 63 6.71 33, 800 | 
3 11. 26 11.18 5. 66 6.50 35,900 | 34 
10. 97 7.10 31, 500 
11. 30 6.75 | 36, 300 
A verage 12.15 7. 55 34, 500 
8 P-16-1_ 12. 76 12. 77 6. 92 7.27 | 41,900 | 39, 
12. 98 7. 88 37, 400 
12. 56 7. 03 40, 000 
2 11. 88 12.77 7.15 7.27 | 38,600 | 40, 
12. 46 7. 33 41, 600 
13. 96 7. 33 40, 400 
3 9. 57 10. 00 6. 20 6.10 | 35,800 | 37 
9. 50 h. 04 37, 600 
10. 94 6.15 39, 800 
Average 11. 85 6. 88 39, 200 
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used in computing average values except in the case of 
the average values of the ratio of modulus of rupture of 
strips to modulus of rupture of pipe (column 11, table 
11, columns 11 and 20, table 12, and column 11, table 
13). The following explanation is given for this pro- 
cedure which is at variance with that usually followed 
in experimental work of this nature. 

The strip test has been proposed as a specification 
requirement to replace, at least to some extent, the more 
cumbersome and more expensive 3-edge ig gg test 
on full-size specimens of pipe. If this is to be done, 
the strength developed by the strips should be indicative 
of the modulus of rupture of the pipe as determined in 
the 3-edge test. A study of the data shows that flaws 
in the strips in some cases resulted in a material redue- 
tion of the modulus of rupture and in other cases did 
not. The data also show that strips with flaws and of 
low strength were sometimes obtained from pipe of 
more than average strength and, conversely, that strips 
of more than average strength were sometimes obtained 
from pipe of relatively low strength. It appears that, 
in routine testing to determine compliance with speci- 
fications, low strength due to flaws in strips would not 
necessarily be indicative of low-strength pipe. It is 
felt that, in the study of the suitability of the strip 
test for the proposed purpose, the test values of all 
specimens are of equal importance in arriving at con- 
clusions. 

As has been stated, the surfaces of the strips were 
ground to remove the coating of pitch and any adhering 
sand before testing. In the case of the sand-cast pipe 
of manufacturer A and the centrifugally cast pipe this 
did not result in appreciable reduction in the breadth 
of the specimen. However, the surfaces of the sand- 
cast pipe of manufacturer B contained a considerable 
amount of embedded sand and the removal of this by 
grinding reduced the breadth of the specimens by vary 
ing amounts, frequently as much as several hundredths 


, man ifacturer A 


Devi Rat 
©r’’" | Modu-; modulus 
lus of rupture of 


ver- —_ rup- strips to 
aBt grand | ture of | modulus 
soe pipe rupture of Remark 
, pipe 
7 . ; 0) 
per| Per Lb. per ine 
in cent sq. in 1 
600 2.8 $2, 300 0. 83 0.8 
S 86 
6.1 y 
200 26.9 | 40,300 | *. 66 87 | Flaw at break 
S vO 
6.4 S4 
, 600 6 30, 700 vO 9] 
12.7 “ Do 
t v1 
40, 800 85 SS 
SOO 16.1 35, YOO 1.17 
3.6 1. 04 
10. 8 1.11 Broke 0.05 inch outside middle third 
200 6.9 4. 100 a9 1038 Broke 0.23 inch outside middle third 
15.2 1. OF 
11.¥ LO 
, 700 s $8, ODO U4 "0 
42 y 
10. 2 1.0; Specimen warped 
37, 700 | 1.04 1. 04 
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TABLE 1]. 


Modulus of elasticity 


At origin 


10. 02 
10. 35 
10. 00 


11. 80 
10. 89 
12. 38 
10. 90 


11. 87 


‘ues marked with asterisk (+ 
ion data for this strip sho 


flect 


Results of bending tests on 


Average 


Million th. 


Per sq.m 
11. 98 
13. 04 
13. 81 
2. 8 
» Oo 

is 

20 
10. 2s 
10.8 

‘s 
10. 77 
2. 07 
10. 73 
1D ™% 
| ark 
10. 90 
10.12 
11. 69 


omitted fron 
Wn in figs. 


of st 


At failure 





per sq 
5. O7 
6, 22 
6. 31 
6. 21 
6. 69 
6, 22 
6. 61 
® 59 
6.80 
6. 36 
S. 1S 
7.0 
6.9 
8. 27 
8. 45 
} 8. 23 
6. 7é 
6.87 
6.83 
6. 29 
ft “WO 
6.2 
6. 40 
| 6. 64 
‘.18 
4. 
4. 82 
j 16 
4. 4 
1.6 
$ 
4. 8S 
6. 00 
6. 20 
Ss 
6. 87 
0 
17 
F O90 
6. 21 
6.13 
0. 97 
4. 54 
4. 6, 
4.4 
5. 41 
> 
2 
” 
5. 32 
4.60 
4.65 
4.79 
5. 08 
5. 06 
5. 08 
5. 69 
o. OY 
| 5. 51 
| r 
| . 13 
| 6. 24 | 
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1 this average. 


strips from smoot) 


rips 


Vl 


per 


PUBLIC ROADS 








| iT) 
Modu Devia Modu 
tion ’ 
lt of l of 
pe Aver from pe 
rup rup 
i f ige grand 
ure of ture 
verage rat iver 7 
SETI pipe 
ige 
5 Li 4 
on Ut Li er| J Pe Lt ] 
s7. in 8 } ent 
6. O7 4) & an { 1 OO 
1M) 0 
100) 7.8 
6.37 | 40, 400 ), 204 11.9 | 43. 700 
t6. 300 f 
10, SOO 0 
6. 64 9. 1K Ry s (K 
7, 200 0 
57, 100 8 
38, HOO 41. 400 
7.74 | 29, 200 | 34. 509 ) 2 80 
55, 400 ) 
; si i 
7 UU) 
14. SOO ‘ 
37, OOK 2 
6.99 600 " 6.9 aS 40K 
200 ) 
35, GOO f 
4 YO u 
43, SOO 2 
56, TOM 
6. 42 tS OW) % “ ‘ 43, 40K 
ss, 7K é 
37, 204 0 
56, 40K 38. 200 
+. US s, 400 x ”) 6.4 > RW 
iS, O00 6.9 
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7s 21, 000 29. 100 41.8 0) 
| 32, 400 ] 2 
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53, 600 34. 60K 
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6.10 33, GOO 37, 600 6.1] 3¢ oo 
38, 700 7.2 | 
40, 300 | l 6 4 
| 
| 
4.5. 33, 400 | 33, 000 7.5] 700 
$3, 100 8.3} 
32, 500 10.0} 
v2 | 37,100 7, 100 2.8 | 40, 800 
100 2.8 | 
100 28 
35, 900 | 37, 700 
4.68 | 33, 100 33. 000 8.3 31, 800 
32, 500 10.0 
33, 300 7.8 
07 | 33, 200 | 33 noo 5.0 | 36,100 
33, 300 7.8 
32, 500 10.0 
v.63 | 35, 900 | 36, 200 .6 32, 700 
36, 100 0 
36, 700 ® i 
34, 100 33, 500 
36, 100 7.0 37, 400 
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TABLE 12.—Results of bending tests on strips from smooth sand-cast pipe, plain ends, manufacturer B 


. . Ss alasticit s Ss 
Identification no Modulus of elasticity of strip 
At origin Average At failure Average 
l 2 ] 1 


Million lb Million lb Million lt 


per sq. im per sq. im per sq.m 
SP-12-1 14. 42 15. 39 7.82 
15. 93 7. 57 

15. 82 7.60 

2 14. 29 14. 07 7.98 
14, 6S 7.41 

13. 24 7. 84 
3 13. 87 12. 49 7.88 
13. 65 s. ON 
13. OS &. 5 
12. 54 7.83 

12. 73 9, 27 
12. 67 7. 60 

12. 41 0. 54 

Average 13.79 Ss. OS 
SP-18-1-- 15. 30 15. 40 8. 92 
l $2 S7 

15. 58 0.44 

2 13. 38 13. 72 8.71 
14. 25 S. US 
13. 53 Ss. 62 
3 13. 82 13. 91 9. 33 
14. 38 S78 
13. 52 8. 42 
Average 14. 34 9. 02 
8 P-24-1. 4.90 14. 62 8. 43 
4.05 s. OS 

14. 92 8. 4 
2. 14. 18 14, 37 7.40 
14. 26 7.73 

14. 67 8.1 

3. 12. 92 13, 28 8. 64 
13. 18 8.47 
13. 76 9.75 
13. 38 9. 52 
13. 09 10, 52 

13. 32 9. 27 

Average 13. 89 8.71 
SP-30-1_ - 12. 88 14. 02 8. 52 
14. 68 8. 64 
14. 49 10. 09 
2. 12. 96 12. 96 8. 12 
12. 10 7.40 
13. 82 &. 33 
3 13. 96 13. 45 7.50 
12. 21 8. 57 
14.19 &. 62 
Average 13. 48 8. 42 
8 P-36-1 13. 20 13. 37 6. 80 
13. 35 7.20 

13. 55 6. 66 
2 13. 85 14. 0 8. 59 
13. 76 7.34 
14. 53 &. 00 
Average ; 13. 71 7.43 
Grand average. --- 13. 85 8. 39 


1 Values marked with asterisk (*) are omitted from this average. 


of aninch. Moduli of rupture computed on the basis of 
the dimensions of the ground strips are undoubtedly 
more indicative of the strength of the metal itself than 
are similar values computed on the basis of the dimen- 


computed on the latter basis are more directly com- 
parable to the moduli reported for the pipe specimens, 
since these were calculated on the basis of the gross 
; > . . > ‘ 
thickness of shell, including embedded sand. There- 
fore, in table 12 which shows the results obtained 


Million lb 
per sq.m 


7. Oe 


Unground strips 


Modulus of 
rupture of 
strips 


Lb. per 


49, 600 


46, 900 
18, TOO 
40, 800 


4, 200 
41, 100 
30, TOO 


40, 600 
9, YOO 
so. 100 


41, 200 


41, 500 
$s, 600 
39, 100 


43, 600 
41, 700 
42, OOO 


45, 300 
$2, 700 
27, 300 
32, 700 
24, 000 
$4, 500 


36, 100 
34, 300 


34, 500 
29, 000 


32, 700 | 


36,'000 
36, 500 


37, 200 
30, 100 
32, 800 
33, 700 
5, 700 
33, 900 
4, 600 
36, 900 
40, 100 
39, 000 


36, 700 


38, 200 


Average 
Lb. per 
sq. in 
18, 300 
44, 500 
Ss, 200 
4 00 
, An 
% Wh) 
39. TOO 
$2. 400 
100 
32, 600 
35, 100 
33, 400 |. 
4.700 
38, 700 


Deviation 


from grand 


average 


Modulus 
of rupture 
of pipe 


Lb. per 


2, 100 


7, 300 


46, WOO 


40, 500 


35, 400 


33, SOO 


32, 100 


33. 600 


34, 500 
33, 800 
34, 200 


34, 300 


$1, 100 


of pipe 


strips from the pipe of manufacturer B, values of mn 
of elasticity and rupture are reported for both ung 
The tests were made on the = 


/and ground strips. 
1 'after grindin 
sions of the strips before grinding. However, moduli | 


unground strips. 


¢, and no tests were actually mad 


The moduli of elasticity and rupture reporte 
‘unground strips were obtained by using the load 
deflections of the ground strips and the dimensio! 
the strips in their original condition including the | 


on | ness of embedded sand. Since the grinding ope! 


Ratio of modulus of 
rupture of strips to 
modulus of rupture 


ind 
s of 
ick- 


tion 











November 1933 


TABLE 12 


Results of bending tests on 
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strips from Smoot} sand-cast pipe, plain ends, man ifacture rB 


Ground strips 


Continued 


Identification no Modulus of elasticity of Strips Devi Ratio of modu 
saa Modulus tease of rupture 
of rupture A veragy ra trips to modu Remark 
ips in lus of rupture 
At origin Average At failure Average of strip erage ‘us of ruptu 
pipe 
12 13 14 ] f . } 
Million Million Million Million 
lb. per b. per lb. per lb per Lh per Lb pe 
sg. in sq]. sq]. in 8]. in sq. in Sq) y Percent i 
SP-12-] 14.70 15. 68 7.97 7.81 417, 100 19, 30K 16.0 ] 
16. 23 7.71 50, 100 23.4 61 
16. 11 7.74 0), 600 24 ¢ ( 
2 1.57 14. 35 S14 7. 90 45, 9OO 15, 400 13. 1 43 
1. YS 7. 56 16, 400 14.3 { 
13 s. 00 43, 9OO  ] 
14. 37 Ss. 16 S. 74 43, 300 7 6. 7 
14.14 8. 37 42, 200) $y 
3. 54 S. 05 34, 400 0 (nw ) 
OS 8.17 13, 700 f 7 D 
] 2y Y. OS 50, 100 44 
5 20 7. ¥2 10, 200 0 OS I h Broke ¢ h outside middle third. 
12. 94 #95 $3, YOO f *¢ } P 
Average 1 20 & 33 13, 200 
<P-18 1 is 6. OS + 31 SH 19. OOO { iM 20 ‘ 
15. Wy 4. 26 0. GOO 2 j sf 
16, 27 11.00 42. 600 $4 . oa 
2 14.09 4.44 9.17 4, 23 35, 900 10. 300 f 4 ; 
15.00 145 13, 200 6.4 ; Br itside middle third. 
14.24 +. O7 41, 800 , 0 
15. 50 15. 58 10. 46 1,9] 45, 600 44 ”) 12.3 
16.15 Y. 87 44, 700 10.1 10 Broke tside middle third 
15. OS 39 43, 700 ‘.f OS 
Average l 37 ¥. 66 44, 200 4 
P-24-] 15. 96 15. 67 9. 03 S.U5 44, 500 42, 600 16 1. 41 
15. 06 S. 66 41, 300 l Broke 0.23 inc} outside middle third 
15. YS 9.15 41, 900 2 
2 15. 11 15. 31 7.89 8. 27 46, 500 45, 200 14 2 9 ‘ € warped 
15 19 8. 23 #4, 400 9.4 1y 
15. 64 8. 69 44, 700 0.1 ») 
3 13. 80 14. 17 9. 23 10. 00 37, 700 33, BOO 7.1 1.01 " Flaw at break 
14. 07 9. 04 35, 000 13.8 3 Dx 
14. 69 10. 41 24, 100 28.3 * 78 Dx 
14. 29 10. 17 34, 900 14.0 3 Flaw break Broke 0 15 inch outside middle third. 
3. 97 11. 23 25, 600 64.9 BN 
4, 22 9. 90 36, 800 14 ys Flaw eak. Broke 0.05 inch outside middle third. 
Average 14.83 ¥. 30 $8, 500 09 
10-1 13. 26 14. 43 8.77 I. 35 35, 400 33, 600 2.8 0 
15. 12 8. OO 35, 500 12.6 U. 
14. 92 10. 39 29, 900 26. 4 SN 5 eak 
2 14. 40 14.39 ¥. 02 8.83 36, 400 39, O00 10.3 04 1) 
13. 45 8. 22 40, 000 l 1.14 
15. 33 9. 24 40, 500 2 l. lf 
15. 48 14.92 8. 32 9. 13 41, 200 7, 000 1.5 1. 2s 9 
13. 55 ¥. Sl 33, 400 17.7 * 1.04 D 
15.74 9. 56 36, 400 10.3 13 
\verage 14. 58 9.10 36, 500 09 
Ss] 14. &8 15, OS 7. 67 7.97 40, 200 39, 100 0 17 
15. 06 8.12 38, 200 .Y ll 
15. 30 7.51 39, 000 a) 13 Broke neh outside middle third. 
* 14.77 14. 97 9. 16 S. 50 39, 400 41, 300 , oO 1.17 
14. 66 7. 82 42, 800 5.4 1. 27 
15. 49 8. 52 41, 600 a § 23 
\verage 15. 03 8.13 40, 200 1. 18 1. 18 
‘rand average 14.74 8. 93 40, 600 10.8 8 


eflection data for th 


lS Strip shown in 


Figures 12 and 13. 


Wn voidably removed small amounts of 
the strips in their original or unground « 
ably would have supported somewhat gre 


they did in the t 


Of table 12 
Values but it is 


ares 


enough to |} 


ve of 


ests which were made. 
moduli reported for the unground 
are probably some 
not believe 


‘ondition prob- 


strips in the 
what lower than the true 
d that the error 
any importance. 


surface metal, All average values civen in 
Weighted averages 
irrespective of defects in 
exception of the average 
table 11, columns 11] and 
of table 13. 


ater loads than 
Therefore, the 
first part 
In these columns are 
involved is 


of the ratios of modulu 
of rupture of pipe, an 


s of rupture of 
| the moduli of 


tables 11, 12, and 13 are 
and are based on all the test results, 
individual specimens, with the 
values given j 
20 of table 


in column 11 of 


12 and column 11 
given the averages 
strips to modulus 


strips manifestly 
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TABLE 13. 





Modulus of elasticity of strips | Modulus 
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-Results of bending tests on strips from.smooth centrifugally cast pipe with plain ends 


Ratio of modulus 


| Deviation Modulus | of rupture of 


| from of rup- strips to modu- 
| grand ture of | ‘ : 
Potent dle lus of rupture of Remarks 
average pipe pipe ! \ i 

Ss y 10 

Lh. per 
Percent sq. in Lrerage 
13.5 50, 000 1. 04 1.05 


02 


~ 


F — ’ es - ————I Of PUp- acetal 
Identification n . ture of | *Verage 
At origin! Average |At failure) Average | strips 
] 2 3 4 5 6 7 
Million | Million | Million | Million 
lb. per lb. per | lb. per lb. per Lb. per Lb. per 
8g. in. sq.in. | sg. tn. sqg.in. | sq. in. sq. in. 
C P-12-1. 16, 22 16. 32 13. 15 12.38 | 62,000 52, 400 
716.17 11.71 | 51, 100 
16, 57 12. 27 54, 000 
y 16. 99 17. 47 14. 03 13. 25 41, 400 44, 100 
17. 49 | 13. 54 45, 400 | 
17. 94 12. 18 | 45, 500 
3. 14. 40 14. 51 11.81 12. 40 52, 200 44, 500 
14. 16 | 12, 55 47, 100 
14. 98 12. 84 34, 100 
Average. 16. 10 12. 68 47, 000 
C P-16-1. 15.09} 15.39 2.07 12.63} 44,100} 42,300 
14. 43 11.73 | 41,800 
16. 66 | 14. 10 40, 900 
| 
, = 16.75 | 16. 87 11.12 10. 85 51, 600 50, 500 
16. 70 11. 27 48, 400 
17. 16 10. 17 51, 500 
16. 35 16. 77 11. 48 11. 43 45, 400 45, 700 
16. 34 11. 21 46, 200 
17. 62 11.61 | 45, 400 
Average . 16. 34 11. 64 46, 100 | 
C P-20-1 16. 87 16. 54 | 9. 49 10.15 | 53,800} 45, 200 
16. 09 10. 56 | 30, 400 | 
16. 66 } 10. 41 51, 300 | 
2. 15. 58 15. 70 | 11.74 | 11. 47 45, 500 | 46, 200 
15. 51 | 10. 84 45, 100 | 
2 16. 00 11. 83 | 45, 100 
Css 15. 94 16. 08 } 11. 45 11. 86 43, 200 41, 900 
15. 70 } 11.83 | 41, 800 | 
16. 61 | 12. 31 40, 600 
Average. . 16.11 | 11. 16 44, 400 
Grand average---_. ‘16. 18 | 11. 83 45, 800 





i Values marked with asterisk (*) are omitted from the average. 


defective have been omitted in order to show the small 
effect on the grand averages of these columns as com- 
pared with the grand averages of the columns immedi- | 
ately preceding which are based on all test results. The | 
omission of test results in the computation of these aver- | 
ages was based entirely on personal judgment. If the 

modulus of a strip was materially lower than the average 

of the other strips from that pipe, it was discarded; 

otherwise it was retained. 

For each strip, two values of modulus of elasticity are 
reported ; the secant modulus at failure and the tangent 
modulus at the origin. Of the two, the secant modulus 
is more suitable for use as a specification requirement on 
account of the greater ease and accuracy of its determi- 
nation. The modulus at the origin is of some interest 
in showing the maximum value of modulus of elasticity 
which may be obtained in this test. 

The average modulus of rupture of strips taken from 
the centrifugally-cast pipe is relatively high as was the | 
case in the tests on full-size specimens. It may also be 
noted that in the tests of pipe the sand-cast pipe of 
manufacturer A developed a higher average modulus 
than the sand cast pipe of manufacturer B, while in the 
strip tests the reverse is true. The average modulus 
of 45,800 pounds per square inch for the strips of cen- 
trifugally cast metal may be compared with an average 
modulus of 38,200 pounds per square inch for the 
unground strips of sand-cast metal of manufacturer B 
and 36,100 pounds per square inch for the strips from 


OS 
9.6 4, 700 76 ‘ 
y | 83 
7 8 
14.0 53, 600 97 
2.8 8s Specimen warped 
25. 6 *. 64 Specimen warped. Broke 0.9 inch out 
—— - side middle third 
SOO SO 2 
» Oe », 700 79 7¢ 
s 75 Broke 0.07 inch outside middle third 
10 73 
12.7 700 , 86 &. 
7 81 
12.4 86 
) 1, 500 . 88 SY 
9 90 
) SS 
55, 600 83 83 
17 44, 700 1. 20 1.18 
33. € *. 68 Specimen cracked 
12.0 ba 
7 49, 000 . 93 4 
5.0 9s 
l . 92 
5. 7 52, 100 383 SO 
Fe, su) 
11.4 78 
48, 600 91 195 
9.2 52, 300 ss aU 
2 Deflection data fo trip shown in figures 12 and 13 


the sand-cast metal of manufacturer A. The groun 


strips from the sand-cast pipe of manufacturer B deve 


oped an average modulus of rupture of 40,600 pound: 
per square inch. The inclusion, in the computations 


|of the thickness of the embedded surface sand had t! 


effect of reducing the average modulus about 6 percen! 
to 38,200 pounds per square inch. 

The consistency of the values of modulus of ruptur 
developed by individual strips is indicated by the ave 
age deviations of 7.0 percent, 9.2 percent, and 11.5 
percent, respectively, for the sand-cast metal of man- 
ufacturer A, the centrifugally cast metal and the un- 
ground strips of the sand-cast metal of manufacture! 
B. The relatively low average deviation of the modu 
of rupture developed in the tests of centrifugally cust 
pipe may be thought to be indicative of a more uniform 
product, but this indication is not corroborated by the 
above results from tests on the metals themselves 
The moduli of rupture of the ground strips (table |2 
are somewhat more consistent than those of the \in- 
ground strips. This is to be expected since the |ow- 
strength material ground from the surface of the strips 
was not of uniform thickness. 


STRIP TESTS NOT A SATISFACTORY INDICATION OF PIPE STRENGTH 


As in the case of the pipe specimens, the modi 0! 
rupture of individual strips vary through a rather wide 
range. For the sand-cast strips of manufacturer A the 
modulus of rupture varies from a minimum of 2! 000 
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pounds per square inch to a maximum of 43,800 pounds 
per square inch with a maximum deviation from the 
average of 41.8 percent. If the defective specimens 
are excluded, the range is from 32,400 to 43,800 pounds 
per square inch. For the unground sand-cast strips 
of manufacturer B, the variation is from 24,000 to 
49,600 with a maximum deviation of 37.2. percent. 
Exclusive of defective specimens the range is from 
32,700 to 49,600 pounds per square inch. Strips from 
the centrifugally cast pipe give a range in values of 
moduli of rupture from 30,400 to 54,000 pounds per 
square inch with a maximum deviation of 33.6 percent 
Exclusive of specimens manifestly defective the range 
is from 40,600 to 54,000 pounds per square inch. 

In the strip tests there is the same general, though 
far from consistent trend toward somewhat lower values 
of moduli of rupture with increasing thickness of metal 
us Was the case in the pipe tests. However, the rela- 
tionship is too vague to be of practical significance. 

Both the tangent modulus of elasticity at origin and 
the secant modulus at failure, show the centrifugally 
cast metal to be considerably stiffer than the sand-cast 
metal. Average values for the tangent modulus at 
origin are 11,870,000 pounds per square inch, 13,850,000 
pounds per square inch and 16,180,000 pounds per 
square inch, respectively, for the sand-cast metals of 
manufacturer A, manufacturer B, and the centrifugally 
east metal. Corresponding values for the secant 
modulus at failure are 6,240,000, 8,390,000, and 
11,830,000 pounds per square inch. Here, also, there 
is some indication of a general trend toward decreasing 
values with increasing thickness of metal, which ap- 
pears to be somewhat more pronounced for the modulus 
at failure than for the modulus at origin, and more 
pronounced in the metal of manufacturer A and the 
centrifugally cast metal than in the metal of manufac- 
turer B. 

Possibly the most important data resulting from the 
strip tests are the calculated ratios of the modulus of 
rupture of each strip to the modulus of rupture of the 
pipe from which it was taken, and the average values 
of these ratios. 

Including all strips, the values of the modulus ratio 
for the sand-cast pipe of manufacturer A range from 
0.62 to 1.17, with an average of 0.97. The exclusion of 
badly defective strips changes the range to 0.83 to 1.17 
und the average to 0.98. The ratios for the centrif- 
ually cast pipe range from 0.64 to 1.20, with an aver- 
age of O.88 for all strips and, exclusive of defective 
specimens, an average of 0.90 with a range of 0.73 to 1.20. 

he modulus ratios for the unground strips from the 

ind-cast pipe of manufacturer B range from 0.64 to 
1.78, with an average of 1.11, and the range for the 
ground strips is from 0.68 to 1.86, with an average of 
1.18. The exclusion of defective strips changes the 
ranges of individual values to 0.87 to 1.78 and 0.93 to 
IS, respectively, with average values of 1.15 and 1.22. 
it will be observed that there is a considerable differ- 
ence between the average values of the modulus ratios 
for the three groups of pipe. It will also be observed 
that the exclusion of the ratios for defective strips does 
not alter the average values materially and that there 
is the same general relationship between them i se go 
tive of whether the defective strips are included ¢ 
discarded. 

lt is, perhaps, to be expected that the average modu- 

lus ratio for the centrifugally cast pipe should differ 
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from those for the sand-cast pipe, since the physical 
characteristics of the metals themselves differ consider- 
ably. However, if the strength of strips is to be ac- 
cepted as a measure of the strength of the pipe from 
which they are taken, a reasonably close agreement 
should exist between the modulus ratios for two sets of 
pipe cast in a similar manner and metal of similar 
characteristics. This agreement does not exist for the 
sand-cast pipe, the average modulus ratios for all 
specimens being 0.97 for manufacturer A and 1.11 for 
the unground strips of manufacturer B. 

It has been pointed out that (1) obviously defective 
strips may be obtained from pipe of more than average 
strength; (2) that strips of relatively high strength 
may be obtained from pipe of less than average strength; 
3) that there is a wide range in the individual values of 
the modulus ratios; and (4) that there is lack of agree- 
ment between the average modulus ratios for two 
croups of pipe of the same general character. These 
facts lead to the conclusion that the results of tests on 
small strips cut from pipe are not acceptable indices of 
the strength which the pipe may be expected to de- 
velop in the 3-edge bearing test. 


USE OF TEST RESULTS IN PREPARATION OF SPECIFICATIONS 


During the progress of the investigation which has 
been described, the results as they were obtained were 
made available from time to time to a committee of 
the American Society for Testing Materials which was 
engaged in the preparation of tentative specifications 
for cast-iron culvert pipe. These specifications, A.S. 
T.M. Designation: A142-32T, which have now been 
published as tentative standards of the society, are 
believed to be the first specifications for cast-iron cul- 
vert pipe in which the required shell thicknesses have 
been estab lished on a rational basis. 

These tentative specifications recognize three classes 
of pipe known as standard, heavy, and extra-heavy 
pipe for which the required minimum strengths in the 
3-edge bearing test are, respectively, 2,000 D, 3 000 D, 
and 4,000 D pounds per foot of laying length. 

The shell thicknesses for smooth pipe were calculated 
on the basis of equation 9 for a modulus of rupture of 
30,000 pounds per square inch and the thicknesses so 
determined were arbitrarily increased by 10 percent. 
Table 14 gives the specified shell thicknesses and their 
derivation. 


raBLE 14. Shell tha ness of smootl cast-tron culvert prpe as 
‘equired by A.S.T.M. tentative standard specification, A142-32T 


Standard pipe Heavy pipe Extra-heavy pipe 
2.000 D 5.000 D 4,000 D 
Nominal 
diameter rhe heo- Theo- 
of pipe CTheo-| retical | Speci- | Theo-| retical | Speci- | Theo-)| retical | Speci 
inches retical) thick- fied (retical) thick- fied jretical| thick- fied 
thick ness | thick- | thick ness | thick-|thick-| ness | thick- 
ness plus 10|} ness | ness! | plus 10; ness | ness! | plus 10} ness 
percent percent percent 
Inches | Inches | Inches| Inches Inches | Inches Inches| Inches | Inches 
12 0. 255 0). 281 0.37 | 0.313 0. 344 0.37 | 0. 362 0. 398 0. 40 
14 208 328 37 365 402 10) . 423 . 465 . 46 
16 340 s74 1) $17 459 45 483 . 531 53 
1S 383 421 42 470 517 52 543 . 597 | . 60 
20 $25 468 47 522 . 574 57 . 04 . 664 . 66 
24 510 561 56 62 689 6Y 724 . 796 . 80 
30 638 702 70 783 861 86 . 905 . 996 1.00 
6 765 842 R4 939 1. 033 1,03 | 1. 086 1.195 1,20 
42 : 893 982 98 | 1.006 1. 206 1.20 | 1.268 1, 395 1.40 
is 1. 020 1, 122 1,12 | 1.252 1. 378 1,38 | 1.449 1, 594 1, 60 


Theoretical thicknesses calculated for modulus of rupture of 30,000 seni per 
square inch 
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It will be noted that the specified thicknesses of the 
12-, 14-, and 16-inch standard pipe and of the 12-inch 
heavy pipe are somewhat greater than the theoretical 
thicknesses increased by 10 percent. In these cases 
arbitrary increases were made in order that the required 
thickness of metal be not less than three eighths of an 
inch. 

If the moduli of rupture obtained in the tests which 
have been reported may be considered generally repre- 
sentative of the values which would be obtained with 
any commercially available cast-iron culvert pipe, then 
the modulus of 30,000 pounds per square inch, which is 
the basis of design in the tentative specifications, may 
be considered somewhat conservative since it is some- 
what lower than the average values which were ob- 
tained with sand-cast pipe. However, the modulus 
of one pipe tested was less than 30,000 pounds per 
square inch and the moduli of a considerable proportion 
were between =. and 35,000 pounds per square 
inch. In any case, any conservatism in the matter of 
unit stress is eluns ed to some extent by the provision 
of the specification which permits a maximum under- 
run in thickness of 15 percent. 


CONCLUSIONS 


The following conclusions, based on the results ob- 
— in this investigation, are presented: 


. In the 3-edge bearing test for pipe with bell ends | 


it is preferable to locate the point or center of load 
application, on the upper bearing block, at the center 


2. The design of cast-iron pipe to withstand the 3- 
edge bearing test may more. safely be based on the 
results of tests on specimens with plain ends than on 
the results obtained on specimens with bell ends, due 
to the variable and uncertain influence of the bell ends 
on the supporting strength. 


Vol. 14, No. 9 


The pipe included in this investigation which were 
centrifugally cast in metal contact molds were of con- 
siderably higher strength than the sand-cast pipe. 

4. Spiral corrugated pipe and ribbed pipe, similar in 
all respects to those included in this investigation, may 
be expected to de ‘velop a strength in the 3-edge bearing 
test of at least 2,000 D pounds per linear foot of laying 
length. 

The magnitude of the vertical deflections of pipe 
under a given load in the 3-edge bearing test is in- 
fluenced by the type of design, the quality of the metal, 
and the details of design. For the smooth pipe in- 


cluded in this study the magnitude of these deflections 
was influenced more by variations in the ratio of shell 


thickness to diameter than by variations in the modulus 
" e % isticity of the metal. 

The modulus of rupture of small strips cut from a 
sai imen of pipe is not a good index of the modulus of 
rupture which the pipe will develop in the 3-edge bear- 
ing test. 


RECOMMENDATIONS 


In addition to the above conclusions, it is desired to 
offer the following recommendations with respect. to 
the design of smooth cast-iron pipe: 

That the required minimum shell thickness be 
determined on a rational basis such as is provided by 
the theoretical equation (9) which has been presented 

That the selection of the modulus of rupture to 


| be used in design be made on the basis of the modulus 
of pipe rather than at the center of length of bearing. 


which may be expected in pipe manufactured to meet 
the design requirements 

That, as a safeguard against unavoidable inac- 
curacies in manufacture, the required nominal shel! 
thickness be made greater than the theoretical thickness 
as determined by equation (9), by an arbitrary allow- 
ance of not less than 10 percent. 
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